University of New Mexico

UNM Digital Repository
Water Resources Professional Project Reports

Water Resources

3-1-1999

Assessment and management of the Arroyo Del
Coyote watershed, Sandia National Laboratories
and Environs, New Mexico
Richard M. Renn

Follow this and additional works at: https://digitalrepository.unm.edu/wr_sp
Recommended Citation
Renn, Richard M.. "Assessment and management of the Arroyo Del Coyote watershed, Sandia National Laboratories and Environs,
New Mexico." (1999). https://digitalrepository.unm.edu/wr_sp/37

This Technical Report is brought to you for free and open access by the Water Resources at UNM Digital Repository. It has been accepted for inclusion
in Water Resources Professional Project Reports by an authorized administrator of UNM Digital Repository. For more information, please contact
disc@unm.edu.

l

ASSESSMENTAND MANAGEMENT OF THE

•

ARROYO DEL COYOTE WATERSHED
SANDIA NATIONAL LASORA TORIES
AND ENVIRONS, NEW MEXICO

•
PROFESSIONAL PROJECT REPORT
PREPARED

By

RICHARD M. RENN

•

IN PARTIAL FULFILLMENT FOR THE REQUIREMENTS OF THE
MASTER OF WATER RESOURCES ADMINISTRATION
UNIVERSITY OF NEW MEXICO

MARCH

1999

•

TABLE OF CONTENTS

Executive Summary

1

Acknowledgements

4

1.0

Introduction
1.1
Regulatory Initiative
1.2
General Background
1.3
Objectives

5
5
7
8

2.0

Watershed Physical Characteristics
2.1
Geographic Setting
2.2
Climate
2.3
Topography/Physiography
2.4
Geology
2.5
Hydrology
2.5.1 Surface Water Hydrology
2.5.2 Ground Water Hydrology
2.6
Soils
2.7
Vegetation
2.8
Wildlife
2.9
Historic and Present Development.
2.9.1 Roadways
2.9.2 Environmental Restoration Sites

10
10
12
13
15
20
20
24
26
28
31
31
33
34

3.0

Soil Loss Analyses
3.1
Modified Universal Soil Loss Equation
3.2
Critical Land Use Area Map
3.3
Soil Loss Gauges
3.4
Aerial Photograph Analysis

48
48
57
62
67

4.0

Watershed Issues and Evaluation
4.1
General Land Health
4.2
Water Quality
4.2.1 Surface Water
4.2.2 Ground Water
4.3
Runoff and Soil Erosion
4.4
Solid Waste
4.5
Positive Land Health Conditions

69
69
72
72
74
77
84
85

5.0

Recommendations
5.1
Additional Data Needs
5.2
Recommended Watershed Projects

90
90
92

•

•

Pagei

•

6.0

Conclusions

96

7.0

References

90

FIGURES

Figure 1 - Regional map with location of Arroyo Del Coyote watershed
Figure 2 - Arroyo Del Coyote watershed boundary
Figure 3 - Satellite image map north-central New Mexico
Figure 4 - Diagrammatic cross-section with and without vertical
exaggeration at Albuquerque, New Mexico
Figure 5 - Physiographic map of Arroyo del Coyote watershed vicinity
Figure 6 - MUSLE variables GIS overlays for the
Arroyo del Coyote watershed

8
10
17
19
22
58

TABLES

•

•

TABLE 1 - Estimated Average Annual Precipitation for the
Watershed (1990 to 1997)
Table 2 - Modified Universal Soil Loss Equation Results

13
52

PHOTOGRAPHS

Photograph 1 - Southward view up Madera Canyon drainage
Photograph 2 - Characteristic Zone 2 topography with
Sandia Mountains in background
Photograph 3 - Typical Zone 3 topography
Photograph 4 - Arroyo del Coyote water gap area illustrating
relevant structural geologic features
Photograph 5 - Coyote Springs pool.
Photograph 6 - Pifion-juniper-oak woodland in upper Madera Canyon
Photograph 7 - Pifion-juniper woodland, lower Madera Canyon
Photograph 8 - Typical juniper woodland vegetation near Arroyo
del Coyote Spring
Photograph 9 - Historic diversion structure along lower Arroyo del Coyote
in Zone 1
Photograph 10 - Private development outside KAFB boundary
Photograph 11 - Gullying along steep secondary perimeter road
in Zone 1 above Sol se Mete Canyon
Photograph 12 - Remnant debris and structures associated with
ER Site 58 in Zone 2
Photograph 13 - ER Site 16 in final phase of reclamation
Photograph 14 - Looking east into the 1989 burn area, lower
Madera Canyon
Page ii

14
14
15
23
25
29
29
30
32
33
33
42
47
55

•

•

Photograph 15 - View to the northwest at Lurance Canyon Burn Site,
upper Lurance Canyon
Photograph 16 - Disturbed hillslope at the Unit SG-5 location
Photograph 17 - Unit SG-6 location with Coyote Springs Road
in background
Photograph 18 - Unit SG-7 location
Photograph 19 - Storm water runoff, Coyote Springs Road near
Unit SG-6
Photograph 20 - Aerial photograph, southwest corner of KAFB,
New Mexico
Photograph 21 - Soil pedestals downhill from Coyote Springs Road,
Zone 2
Photograph 22 - Gully formation at burn area in lower Madera Canyon
Photograph 23 - Active headcutting of gully along Coyote Springs
Road in Zone 1
Photograph 24 - Gully formation on secondary road in Zone 1
Photograph 25 - Bank erosion along arroyo above the Lurance Canyon
Burn Site, Zone 1
Photograph 26 - Mass wasting of hillslope, Zone 2
Photograph 27 - Grazed rangeland, Abiquiu Creek watershed
Photograph 28 - Land degradation, La Canada Santiago watershed
Photograph 29 - Armoring along arroyo channel at Lurance Canyon
Burn Site, Zone 1
Photograph 30 - Buried fuel distribution line exhumed through erosion,
Lurance Canyon Burn Site
Photograph 31 - Vegetation rejuvenation in burned area of lower
Madera Canyon, Zone 1

56
63
63
64
66
67
78
79
81
81
83
84
86
87
88
93
100

ApPENDICES

National Weather Service Isohyet Maps
MUSLE Map, Graphs and Tables
Soil Gauge Units Combined Profiles
USFS Cross Drain Information

Appendix A
Appendix B
Appendix C
Appendix D

PLATES

Plate 1 - Base Map Assessment and Management of the
Arroyo del Coyote Watershed
Plate 2 - Soil Types Map of SNLlKAFB Showing Arroyo del
Coyote Watershed
Plate 3 - Critical Land Use Areas Map, Arroyo del Coyote
Watershed, 500-Foot Slope Length

•
Page iii

In Pocket
In Pocket
In Pocket

•

LIST OF ACRONYMS

BTEX - benzene, toluene, ethylbenzene, and total xylene
CFR - Code of Federal Regulation
COC - constituents of concern
CWA - Clean Water Act
CWAP - Clean Water Action Plan
DOD - U.S. Department of Defense
DOE - U.S. Department of Energy
DU - depleted uranium
EPA - U.S. Environmental Protection Agency

•

ER - Environmental Restoration (used in reference to Sandia National
Laboratories "ER" project.)

of - Fahrenheit
GIS - geographic information system
GPS - Global Positioning Satellite
HE - high-explosives
in/hr - inches per hour
KAFB - Kirtland Air Force Base
LOBP - Large Open Burn Pit
mg/L - milligram per liter
mm - millimeter
MSL - mean sea level

•

MUSLE - Modified Universal Soil Loss Equation
NFA - No Further Action

Pageiv

•

NMED - New Mexico Environment Department
NPDES - National Pollutant Discharge Elimination System
NRCS - Natural Resource Conservation Service
NWS - National Weather Service
pCi/L - picocuries per liter
PLO - Public Land Order
RCRA - Resource Conservation and Recovery Act
SNLlNM - Sandia National Laboratories/New Mexico
SVOC - semi-volatile organic compound
SWAT - Soil and Water Assessment Tool
TA - Technical Area

•

TCE - trichloroethylene
TMDL - total maximum daily load
TPH - total petroleum hydrocarbons
TSS - total suspended solids
USDA - U.S. Department of Agriculture
USFS - U.S. Forest Service
USGS - U.S. Geological Society
UXO - unexploded ordnance
VCM - voluntary corrective measure
VOC - volatile organic compound
WQCC - New Mexico Water Quality Control Commission

•
Page v

•

Executive Summary
The Environmental Restoration Project managed by Sandia National Laboratories/New Mexico
and sponsored by the U.S. Department of Energy is responsible for the investigation,
remediation, and monitoring of sites within the confines of Kirtland Air Force Base. These
environmental restoration sites are areas where there is a documented or potential risk for the
off-site migration of contaminants due to past uses of the land. Recent implementation of the
Clean Water Action Plan has encouraged government agencies to deal with multiple
environmental issues and sites as integrated components on a watershed scale as opposed to
viewing them as individual problems with little or no relationship. Therefore, this watershed
assessment and management study was commissioned for the Arroyo del Coyote watershed in
June 1998.

The assessment portion of the study identified the physical characteristics of the Arroyo del
Coyote watershed as they presently exist. The primary watershed parameters assessed include
climate, topography and physiography, geology, hydrology, soils, vegetation, wildlife, and
•

human involvement. Various past and on-going studies conducted by Sandia National
Laboratories/New Mexico contained information on different aspects of some of the
characteristics. Where applicable, this information was documented and included in this report.

After assessment of the general Arroyo del Coyote watershed parameters was completed, the
next phase of the study was begun. Since the potential for the surface migration of various
organic and inorganic constituents by means of mechanical processes is an environmental
concern, this phase involved specific analyses regarding soil loss and erosion within the
watershed.

Soil loss was measured or estimated through quantitative, semi-quantitative, and qualitative
methods. Soil loss gauges were constructed at seven different locations in the watershed to
periodically collect direct measurements of soil loss. Existing data regarding rainfall, soil
erodibility, and topography were combined with new field data on vegetation type and density

•

gathered from twenty-five discrete locations within the watershed. Data from the specific sites
analyzed then were incorporated into the Modified Universal Soil Loss Equation to produce

Pagel

•

point-based annual soil loss estimates. In order to recognize soil loss trends over the entire
watershed (area-based), and to incorporate erosion potential into future planning efforts for the
watershed, a method was devised to utilize the Modified Universal Soil Loss Equation and
associated data with the Sandia National LaboratorieslNew Mexico Geographic Information
System database to model soil loss results. Based upon this method, a critical land use areas map
was produced, which graphically portrays the soil loss information across the watershed.
Finally, a qualitative analysis was performed, using current and historic aerial photographs and
direct visual observation. This analysis indicated natural resource changes and conditions
temporally and spatially.

Data generated from the various soil loss studies were variable. Though trends were beginning
to develop, soil loss gauge data were inconclusive over the four-month period of the study. A
longer period of data recording (+one year?) will be necessary to accurately discern trends.
Results utilizing application of the Modified Universal Soil Loss Equation at the discrete sites
revealed soil losses ranging from 0.14 tons per acre per year to 58.5 tons per acre per year. The

•

soil loss values derived from the Geographic Information System model ranged from the 0.065-5
tons per acre per year category to a 300-450 tons per acre per year category. The site with the
highest predicted value using the discrete site analysis corresponded to the same site predicted by
the GIS method. However, general agreement between the two methods could at best be
classified as moderate at 44 percent. Generally, as the slope gradient increased, the agreement
between methods decreased.

From these analyses, an overall assessment was made of the Arroyo del Coyote watershed
general land health. It was found that when all factors were considered, Arroyo del Coyote
exhibited moderate land health. Three areas for improving the watershed health were also
identified: ground water quality, soil loss at and around developed areas, and non-hazardous
solid waste.

Ground water quality is aggressively being addressed by the Sandia National Laboratories/New
Mexico Environmental Restoration Project. Recommendations were formulated that, if
implemented, would mitigate and control soil loss at both environmental restoration sites and
•

roadways within the watershed; both are areas of concern. Vegetation buffer strips strategically
placed around vulnerable environmental restoration sites would mitigate off-site migration of
Page 2

•

contaminants, including sediment. Soil loss gauges constructed at the sites could then be used to
quantify the rate of site-specific soil loss. If it can be demonstrated that erosion and soil loss are
minimized, the need for costly field monitoring and laboratory sampling could be reduced.

There exist many areas throughout the watershed where non-hazardous trash and debris are
strewn on the ground. Items such as spent shell casings, exploded ordnance, wire and cables,
and miscellaneous construction materials are common. Improvement ofthe Arroyo del Coyote
watershed land health could begin immediately upon implementation of a unified effort to
remove the solid waste.

•

•
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1.0

Introduction

Thorough and comprehensive watershed management plans can be useful tools in the
maintenance and sustainability of local and regional watersheds. By identifying areas within the
watershed vulnerable to destructive or degrading land use practices, problems can be identified
and assessed to minimize impacts to the watershed ecosystem and water resources. Practices
such as livestock overgrazing, road building, development, or removing the vegetative cover as a
result of clear-cutting during logging activities can lead to accelerated soil loss, vegetation loss,
sedimentation of riverbeds and reservoirs, and flooding. Often, when problem areas and
practices are detected, remedies can be formulated that allow for the land use to continue, but in
a less degrading manner. With these ideas in mind, a baseline watershed assessment and
management plan was prepared for the Arroyo del Coyote watershed.

1.1 Regulatory Initiative

•

The current atmosphere in federal and state governments enthusiastically supports communitybased watershed management to fulfill the goals ofthe Clean Water Act (CWA). On October
18, 1997, the White House directed the Administrator ofthe u.s. Environmental Protection
Agency (EPA) and the Secretary ofthe u.s. Department of Agriculture (USDA) to work
together, with other federal agencies and the public to develop a national Clean Water Action
Plan (CWAP). The goal was to provide a format for restoring and protecting the nation's
precious water resources on a watershed scale. In February 1998, a CWAP (EPA and USDA,
1997) was completed.
A key element of the CWAP is a new cooperative approach among the federal agencies to work
with tribes and local communities to identify the watersheds with the most critical water quality
problems, and then focus resources to develop strategies to solve them. The CWAP also outlines
the need to protect pristine watershed environments from future anthropogenic activities that
could lead to degradation ofthe watershed's natural resources. The overall aim is to reach a
sustainable basis for various activities within the watershed. The CWAP also formalizes the

•

federal government's approach and funding commitment to watershed management efforts as a
means of achieving the fundamental aspects of the CWA and its amendments.
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Watershed ecosystems are dynamic mechanisms comprised of a myriad of dynamic, continually
evolving interrelationships. Erosion, lake eutrophication, and forest maturation are examples of
natural processes that occur as integral components in the ecosystem. The CWAP recognizes
these as characteristic of a healthy watershed environment. The approach is not to alter natural
processes, but rather to mitigate alterations in the natural rate or intensity of these components
due to human activities.
There are numerous tasks and projects highlighted by the CWAP that are associated with the
overall goal of creating a sustainable rate of use and a healthy watershed environment. All of the
tasks fall within one ofthree primary categories with respect to watershed management:
assessment, restoration, or protection. Assessment consists of completing a characterization or
baseline study of the watershed's current "state of health". In order to accomplish this, an
inventory of the natural resources (forests, wildlife, clean air, cultural attributes, water, etc.)
found within the watershed must be conducted. This would include studies of the water quality
of lakes, streams, wetlands, and coastal areas potentially affected by excessive concentrations of

•

sediment, nutrients (nitrogen, phosphorous), petroleum hydrocarbons, metals, etc.; biodiversity
of wildlife and habitat; riparian and amount of wetland acreage; population movement and land
use/development; geology; hydrology; topography; and climate.
Sandia National LaboratorieslNew Mexico (SNLINM) has performed numerous studies over the
years that address various aspects necessary for a comprehensive baseline assessment of the
Arroyo del Coyote watershed. Baseline assessments are critical, and are used as a basis for
comparing the effectiveness of corrective measures and restoration activities. Information exists
regarding the hydrology, geology, vegetation, wildlife, soils, and surface and ground water
quality. Where appropriate, this information has been incorporated into this report. However,
baseline information in certain critical land use areas is lacking. For example, there have been
no soil loss analyses performed. In addition, the information gathered has not been analyzed
with respect to land health, and it does not appear in any comprehensive document.

•
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1.2 General Background
The U.S. Department of Defense (DOD) and the U.S. Department of Energy (DOE) control the
vast majority of acreage within the Arroyo del Coyote watershed. Thus, most of the watershed
lies under the jurisdiction of DOD and DOE, and is utilized in support oftheir individual
missions. The remote nature of the upper watershed make it an ideal setting to accomplish a
primary aspect of the missions, systems and components testing. In addition, the area is used for
conducting military training exercises and a variety of environmental restoration and
environmental research projects.

The DOD, DOE, and SNLINM have been concerned for many years about environmental
degradation of the land under their management. Both DOD and DOE identified a number of
sites for which environmental problems needed to be addressed; DOE established the
Environmental Restoration (ER) Project, and appointed SNLINM to manage the effort. The ER
Project is working on a variety of soil, ground water, and surface water issues related to past and
present activities affecting the environment. The New Mexico Environment Department

•

(NMED) is regulating the assessment and remediation of potential release sites handled by the
ER Project.

In addition to the effects related to the ER sites, impacts to the land and water resources within
the watershed have occurred as a result of normal activities such as road construction and
facilities development and maintenance. In general, the environmental effects of these activities
have not been considered by the governing agencies.

To date, activities in the area were not planned with the total ecosystem in mind. For example,
land was cleared of vegetation without considering the effects of runoff, the need for erosion
control, or the volume of channel sediment transport. With the advent of the CWAP, the DOE
and SNLINM recognized the value of a sound resource management plan based on a watershed
scale to address these and other issues, as well as to aid in their decision-making regarding
current and future land use activities. Pursuant to this goal, in June 1998, the DOE and the
SNLINM ER Project approved of and funded this Arroyo del Coyote watershed study. This

•

report will become a tool with which to better manage the [mite watershed resources under the
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supervision of the DOE and DOD. It will serve as a baseline assessment, which can then be used
to measure changes to the land as restoration activities continue.

o
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-

Figure 1 - Regional map with location ofArroyo del Coyote watershed.

•

As shown in Figure 1, the Arroyo del Coyote watershed area is located in the north-central
portion ofNew Mexico, approximately two miles southeast of Albuquerque. Generally, the
lower watershed area is contained within the boundaries ofthe Kirtland Air Force Base (KAFB)
Military Complex. The upper watershed area is situated on an extension of the KAFB, on DOD
and DOE land withdrawn from the U.S. Forest Service (USFS), Cibola National Forest. A small
percentage of the watershed (6%) lies outside the boundaries ofKAFB and belongs to the USFS
and various private owners. Plate 1 delineates the Arroyo del Coyote watershed, KAFB, and
KAFB Withdrawn Area boundaries.

1.3 Objectives
There were five primary objectives for the Arroyo del Coyote watershed plan, as listed below:

D

•

Perform a baseline characterization of the watershed physical properties (e.g. geology, soils,
vegetation, land use);

PageS
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a
•

Develop an understanding of watershed processes as they relate to water resources quality
and general land health;

a

IdentitY existing or potential watershed problems;

CI

Formulate management solutions to enable sustainable use of the watershed; and

CI

Outline data needs necessary for more comprehensive assessment/management.

•

•
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2.0

Watershed Physical Characteristics

2.1 Geographic Setting
The Arroyo del Coyote watershed is located in southeastern Bernalillo County, approximately
five miles southeast of Albuquerque, New Mexico. Figure 2 illustrates the relative location of
the watershed to Albuquerque. The watershed lies along the western flank: of the Manzanita
Hnf1mantown
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Figure 2 - Arroyo del Coyote watershed boundary.

Mountains, and drains west-northwest into the Tijeras Arroyo. West of its confluence with
Arroyo del Coyote, Tijeras Arroyo joins with the Rio Grande. The watershed can roughly be
defmed by a corridor trending east to west about 9 miles in length. At its widest point, near the
headwaters, the Arroyo del Coyote watershed measures more than 5 miles in width. Near the
mouth of the watershed, the width decreases to barely 0.2 miles (1,050 feet).

The total area encompassed by the watershed is approximately 26 square miles (16,855) acres
and is located within portions of Townships 9 and 10 North, Ranges 4,4.5, and 5 East. The
U.S. Geological Survey (USGS) 7.5-minute topographic map coverage of the watershed includes

•

parts of the following quadrangles: Sedillo, Escabosa, Tijeras, Mount Washington, Albuquerque
East, and Hubbell Spring.
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Of the total Arroyo del Coyote watershed area, 15,822 acres (94%) represents land owned or
controlled by the DODIDOE. This portion of the watershed lies on both KAFB land and USFS
withdrawn land. The withdrawn parcel adjoins KAFB on the east side (Plate 1). The parcel
evolved as several blocks of land withdrawn over time. The process began in 1943, when USFS
lands adjacent to the eastern boundary ofKAFB were closed (withdrawn) to the public to
establish military facilities for the purposes oftraining, research, and development (USDA,
1996). The fIrst of the withdrawals involved 4,667 acres ofCibola National Forest, which were
withdrawn under Public Land Order (PLO) 133. In 1949, an additional 13,948 acres were
withdrawn for "experimental purposes" under PLO 595. Both ofthese withdrawn parcels were
under the control of the Department of the Navy. However, in 1954, the Navy relinquished PLO
133 and PLO 595 lands to the Department of the Army for uses connected with Sandia Base.
After transfer of control, PLO 133 and PLO 595 were reissued as PLO 995.

In 1969, a 4,569-acre tract north ofPLO 995 land was withdrawn under PLO 4569, and turned
over to the Atomic Energy Commission (DOE's predecessor). This tract was to be used for

•

research and development. A 2,400-acre portion of the PLO 995 land was revoked in 1980 and
returned to public-entry status. The remainder ofPLO 995 land is now under the control ofthe
DOD.

In 1985, the Cibola National Forrest Land and Resource Management Plan acknowledged the
closure of20,486 acres for security and safety purposes, and identifIes the withdrawn lands as
"Management Area 17." The Plan further specifIes that the lands will remain under the joint
control of the USFS, the Air Force, and DOE. According to the Plan, the role of the USFS is " ..
.to improve wildlife habitat diversity and decrease the threat of escaped wildfIre from either
entity." As for the other agencies, the Plan states that "All public use of the area will be
restricted and enforced by personnel of Department of Defense and Energy." However,
unauthorized public access to these areas occurs regularly (hiking, motorbiking, cycling,
horseback riding, hunting, vandalism, and tree cutting).

•

In the spring of 1989, a fIre broke out in Madera Canyon in the northeast corner of the
watershed, as a result of a military training exercise. The fIre burned about 300 acres (both
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inside and outside of the withdrawal parcel), killing nearly all vegetation in its path. In 1990, the
burned areas were successfully reseeded. Today, scorched, dead trunks from the former pifionjuniper forest still stand, but the ground is now lush with a variety of native grasses and forbs.

2.2 Climate
According to the 1996 Site Environmental Report (Fink, et. aI, 1997) prepared by SNLINM, the
local climate is characterized by diurnal temperature extremes, seasonal brief heavy precipitation
events, and frequent drying westerly winds. Winter daytime high temperatures average 49.3
degrees Fahrenheit CF), while nighttime temperatures drop to an average 23.7 OF. Summer
daytime high temperatures average 90.9 OF, and nighttime lows average 61.9 OF (Fink et. aI.,
1997). Cooler and wetter conditions are experienced in the upper watershed due to orographic
effects associated with the Manzanita Mountains. Under normal atmospheric conditions, the
elevation temperature gradient is 3.8 OF per 1,000 feet (Wanielista et. aI., 1997).

•

Average annual precipitation data recorded by the National Weather Service (NWS) were
acquired and reviewed for the Albuquerque vicinity. The recordings spanned the years 1990
through 1997. Utilizing their precipitation gauge data, the NWS constructed isohyet maps
(contours of equal precipitation depth) (Appendix A). Two of the precipitation gauges are
located on KAFB; one near the confluence of Tijeras Arroyo and Arroyo del Coyote, and one at
a higher elevation in the northern Manzanita Mountains to the north of the watershed. The two
gauges represent the southern extent of the data used in preparing the contour maps. Thus, the
Arroyo del Coyote watershed lies just south ofthe southern-most data collection stations, and the
NWS data had to be extrapolated for application in the watershed.

Table 1 lists the average annual precipitation estimate derived from interpretation ofthe isohyet
maps over the period 1990 to 1997. The mean value of the average annual precipitation
estimates for the Arroyo del Coyote watershed over the period 1990 to 1997 is 14.25 inches.
This average was estimated for the central portion of the watershed; due to spatial variations

•

estimated rainfall could vary as much as +/- 2 inches from this value at the upper and lower
watershed margins.
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Table 1 - Estimated Average Annual Precipitation
for the Watershed (1990 to 1997).
Year

•

Annual Precipitation Estimate
(in inches)

1990

13

1991

17

1992

13

1993

10

1994

16

1995

10

1996

12

1997

23

Mean Value

14.25

2.3 Topography/Physiography
From the top of Arroyo del Coyote watershed to the lowest point near the confluence with
Tijeras Arroyo, there is a difference in elevation of almost 2,350 feet over a total length of
57,000 feet or 10.8 miles. This translates into a relatively steep gradient of 0.04. For the
purposes of assessment and management, because there are significant elevation disparities
throughout the drainage, the Arroyo del Coyote watershed was divided into three distinct
physiographic zones or "functional units" based upon the discussion in Wilcox et. al. (1995),
Hydrology and Ecology ofPiFion-Juniper Woodlands: Conceptual Framework and Field Studies.

Elevation and topography determine the delineation between zones. According to Wilcox et. al.
(1995) these two characteristics " ... are the major determinants of hydrologic behavior at the
larger scale.. 00" Starting at the top and moving down the drainage basin, Zone 1 represents the
highest elevations within the watershed; Zone 2 encompasses the intermediate elevation areas;
and Zone 3 is the lowest elevations nearest to the mouth of the drainage. Plate 1 of this report

•

represents a topographic base map ofthe Arroyo del Coyote watershed and vicinity. Overlaid
onto the base map is the relative position of each of the three intra-watershed zones (1 through
3).
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Zone 1 represents the headwaters of the
watershed. Photograph 1 is a southward
view that illustrates the general terrain
characteristics of the upper watershed in
Zone 1. It is characterized by
mountainous terrain with steep hillsides
and dense vegetation. It is the origination
area of all the major stream system
tributaries in the drainage. The highest
point in Zone 1 and the entire watershed is
found on the eastern ridge bordering

Photograph 1 - Southward view up Madera
Canyon drainage (center).

Madera Canyon (seen in center background
of Photograph 1). The ridge rises to an

elevation of 7,660 feet above mean sea level (MSL), and forms the southeastern margin of

•

Arroyo del Coyote watershed drainage. The remainder of Zone 1 is composed of alternating
stream valleys and high ridges. The high
ridge in the center background of
Photograph 1 corresponds with the
watershed's southeastern boundary. The
steep canyons confme the streams;
therefore, the associated riparian areas are
very small, narrow, and restricted to the
immediate vicinity of the channels. Zone
1 represents the greatest percentage of
land within the watershed; approximately
74% (12,500 acres).

Photograph 2 - Characteristic Zone 2 topography
with Sandia Mountains in background.
Zone 2 is typified by moderately wide, flat valley-bottom acreage interspersed with relatively
low rolling hills. Photograph 2 exhibits typical Zone 2 topography near the boundary with Zone

•

3. Zone 2 represents 23% (3,893 acres) of the total watershed area. The view is to the northeast,
and shows the Sandia Mountains on the horizon.
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Approaching the boundary with Zone 3, the Arroyo del Coyote channel becomes wider and
flanked by broad, moderately sloping sides. At the Zone 2-Zone 3 boundary, the terrain rises
dramatically on both sides of the channel. The sudden topographic relief is a surface
manifestation ofthe complex, underlying structural geology. It is here that the Sandia and
Tijeras Faults intersect. Within the junction ofthe faults on the north side of the Arroyo Del
Coyote channel, an elongate block of granitic basement rock was thrust upward. The uplifted
area (called a horst) is bounded by the Tijeras Fault on the southeast side and the Sandia Fault on
the northwest. This feature is known today as the Four Hills, and is the location of DOD's
Manzano Base. From the stream channel the hills rise over 1,200 feet at the highest peak. The
Four Hills are the most prominent feature found in Zone 2, and the peaks form the northwestern
watershed boundary (Plate 1).

The last functional unit, Zone 3, encompasses the least amount of acreage, 3% (462 acres), and is
the narrowest stretch of the Arroyo del

•

Coyote watershed. Zone 3 contains the
lowest elevations within the watershed.
The lowest point in the watershed is located
at the confluence of Arroyo del Coyote
with Tijeras Arroyo. Topographic relief
consists of the elevation difference between
the main stream channel and the
surrounding broad, gently sloping plains of
the alluvial fan. Photograph 3 demonstrates
the relatively flat terrain and constant slope

Photograph 3 - Typical Zone 3 topography.

of the alluvial fan, which comprises the majority of land in Zone 3.

2.4 Geology
The watershed and surrounding vicinity is geologically complex, and comprises three diverse
tectonic or structural provinces. These provinces form the modern landscape geology,

•

geomorphology, and soils in the vicinity of the study area. Each tectonic province consists of a
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distinct assortment of different rock types. The tectonic provinces are: the Sandia Uplift,
Manzano Uplift, and Rio Grande Rift (Clemons et. aI., 1996).

Regionally, all the major rock classifications (igneous, metamorphic, and sedimentary) are
represented. However, within the Arroyo del Coyote watershed, the primary rock types are
metamorphic and sedimentary in origin-specifically, meta-granite, meta-quartzite, and
limestone.

Figure 3 represents a composite satellite photomap of north central New Mexico. The photomap
is comprised of many individual scenes from Landsat 2 and Landsat 3 imagery recorded during
the satellite orbits of October 1977 and October 1978. The satellite photo mosaic was compiled
by the New Mexico Geological Society, Inc. (Clemons et. aI., 1996) in cooperation with the New
Mexico Bureau of Mines and Mineral Resources. Using the satellite imagery as a base, the
general boundaries of the tectonic features discussed, as well as other provinces in the north-

•

•

central portion of the state, have been superimposed.

The genesis of the modem landscape in this region began about 30 million years ago during the
middle Tertiary Period of the Cenozoic Era. This period represents the initial formation of the
Rio Grande Rift. The Rio Grande Rift is a major fault zone, which extends north-south from
Colorado to Texas and into Mexico. The rift is comprised ofa series of faulted, down-dropped
blocks of bedrock (grabens) formed by extensional forces associated with the genesis of the rift.
As a result of the faulting, rocks on the eastern side of the rift were lifted upward, forming the
Sandia and Manzano Uplifts. Though commonly considered to be separate physiographic
structures, the Sandia and Manzano Uplifts were formed by the same tectonic event (Woodward,
1982).

Rio Grande Rift development resulted in a north-south line of basins similar to beads on a string.
The City of Albuquerque lies atop one such basin, which is named for the city
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Figure 3 - Satellite image map north-central New Mexico. Adapted
from the New Mexico Geological Society, Inc., 1996.

Page 17

•

(Albuquerque Basin). As these rift basins formed, they were subsequently filled with clastic
deposits derived from the erosion of the surrounding uplifted highlands. The sediments
deposited within the basins in the middle Rio Grande area are collectively referred to as the
Santa Fe Group, which is divided into Lower, Middle, and Upper units. The most current drill
data obtained by the USGS within the Rio Grande Rift indicate that the Santa Fe Group attains a
maximum thickness of about 14,000 feet of consolidated to unconsolidated sediments consisting
of alluvial fill derived from uplifted terrain, fluvial deposits, eolian deposits, and volcanic-clastic
deposits. The process of rift development (basin subsidence, erosion, and sediment deposition)
continues to the present. Generally, the rate of sediment deposition in the basin is equivalent to
the rate of basin subsidence.

About 12 million years ago, as the basin continued to sink, molten rock (called magma)
simultaneously began to rise along the western fault margins of the Rio Grande Rift. When the
magma reached the surface, volcanic eruptions, sometimes violent in nature, occurred. The

•

Jemez Volcanic Field and Albuquerque's West Mesa volcanoes are evidence of volcanic
activity. Eruptions within the Jemez Volcanic Field and, to a lesser degree, the Albuquerque
volcanoes, occurred contemporaneously with periods of active rifting.

Within the study area, the geology is complex, with the rocks having undergone uplift and
multiple stages of faulting. The Sandia Fault transects the Arroyo del Coyote watershed in a
north-south orientation, and is considered to represent the eastern fault margin of the Rio Grande
Rift (Kelley, 1977). The southern extension of the northeast-southwest trending Tijeras Arroyo
Fault also crosses the watershed, and actually is inferred to intersect the Sandia Fault within the
watershed boundaries, further complicating the geologic setting. The Manzanita Mountains
comprise the bulk of the uplifted section in the study area, and form the northern extent of the
Manazano Uplift. The predominant rocks in this area include metamorphosed Precambrian
rocks and the Pennsylvanian Madera limestone.

•
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Figure 4 represents a diagrammatic cross-section of the Albuquerque Basin in the
Albuquerque vicinity, based upon the most recent USGS data presented by Hansen and Gorbach
(1997). The west side ofthe cross-section demonstrates the relative thickness ofthe Middle and
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Figure 4 - Diagrammatic cross-section with and without vertical exaggeration at
Albuquerque, New Mexico_ Adapted/rom Hansen and Gorbach 1997.
Lower Santa Fe Group units compared to the Upper Santa Fe Group strata. The Santa Fe Group
ranges in thickness from a thin veneer near the contact with older source rocks adjacent to the rift
margins, to several thousand feet near the center of the Albuquerque Basin. Local materials have
been the most abundant contributors to the Santa Fe Group; therefore, it is variable in its

•

lithology throughout the basin.

Page 19

•

In the Albuquerque area, the Santa Fe Group is comprised primarily of reddish-brown, fmegrained clastics (sandstones, siltstones, mudstones), which were deposited as the result of erosion
acting upon uplifted source rocks belonging to the lower Permian Abo Formation and various
Triassic formations. Kelley and Northrop (1975) surmise one possible source for these
formations could have been the adjacent Sandia Mountains before the units were eroded from the
crest.

Coarseness of clastic sediments also varies and is dependent upon proximity of source material
to point of deposition, rate of uplift of adjacent highlands, and composition of source materials
(Kelley and Northrop, 1975). The bulk of the Santa Fe Group consists predominantly of gravel,
sand, and mud derived from many different sources, but with the greatest influence from local
source rocks.

2.5 Hydrology

•

2.5.1 Surface Water Hydrology

Regionally, the primary drainage system is that of the Rio Grande, which flows southward out of
Colorado, following the natural drainage pattern created by the series of rift-related basins, into
Texas and Mexico. The Albuquerque Basin occupies the central portion of the Rio Grande Rift
in this region. The basin is about 106 miles long, and reaches approximately 40 miles in width at
the widest portion between Los Lunas and San Acacia. The Albuquerque Basin boundaries
delineate the regional drainage basin for this portion of the Rio Grande Valley. The northern
extent is defmed by Cochiti Reservoir, and the southern limit is the constriction ofthe Rio
Grande Valley at San Acacia, just north of Socorro. The flanks of the basin are generally
described as mesas and highlands on the west, and the Sandia, Manzanita, Manzano, and Los
Pinos mountain ranges to the east. The Albuquerque Basin drains roughly 4,300 square miles
(Kelley, 1977).

For 20 million years, paleo-river systems eroded uplands to the north and deposited the
sediments identified with the Lower and Middle Santa Fe Group into the Albuquerque Basin,

•

gradually filling the structure. During this period, there is no geologic evidence to suggest that
the basin surface hydrology was connected with similar rift basins to the south (Hansen and
Gorbach, 1997). On the contrary, the bulk of Lower and Middle Santa Fe Group sediments
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deposited are very fme-grained clastic sediments (i.e., clays, silts), which suggests deposition in
a low-energy environment such as a playa or lake. About 5 million years ago, enough sediment
had been deposited into the basin to give rise to a through-flowing, ancestral Rio Grande.
Sediments deposited within the basin since the formation ofthe ancestral Rio Grande were
deposited in a higher-energy environment, and tend to be coarser-grained near the center of the
channel grading into fme-grained sediments associated with the flood or overbank facies. These
sediments defme the Upper Santa Fe Group and rarely exceed 1,000 feet in saturated thickness,
according to Hansen and Gorbach (1997). As a whole, the Santa Fe Group strata range in age
from middle Tertiary to early Quaternary.

Tijeras Arroyo represents a major local drainage to the Rio Grande within the basin and in the
proximity ofthe study area. It represents the surface manifestation ofthe Tijeras Fault, which
seperates the Sandia and Manzano Uplifts. The Arroyo del Coyote watershed is a lower order
drainage, which joins the Tijeras Arroyo drainage from the south.

•

Figure 5 is a three-dimensional representation of the surface topography in the Arroyo del
Coyote watershed area with the regional stream systems added as an overlay. Drainages outside
the boundary ofthe Arroyo del Coyote watershed appear in blue, while the three major tributary
systems within the watershed boundaries and the Arroyo del Coyote main stem have been
labeled and highlighted in magenta (tributary names are abbreviated -

MC=Madera Canyon;

LC=Lurance Canyon; and SSMC=Sol se Mete Canyon). As the major stream systems drain the
highlands and plains, numerous lower order channels contribute to the major tributaries. The
general dendritic drainage pattern (Marsh, 1998) developed in Zones 1 and 2 of the watershed is
visible on Plate 1 and in Figure 5.

In Zone 3, the dendritic pattern is no longer observed. The channel becomes more entrenched
into the softer alluvial fan deposits of the Santa Fe Group. Because the flow direction in Zone 3
is subparallel to the general gradient of the fan, no further interception of lower-order drainages
takes place. The stream morphology evolves into an anastomosing, unidirectional channel with
•

low sinuosity and meanders that tend to migrate from bank to bank across the narrow floodplain.
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Figure 5 - Physiographic map ofA"oyo del Coyote watershed vicinity.
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Arroyo del Coyote is one of the major tributaries to Tijeras Arroyo on the west flanks of the
SandialManzano Uplift. Three primary, ephemeral, tributary drainage systems converge to form
the main stem of Arroyo del Coyote. From north to south across the watershed they are: Madera
Canyon, Lurance Canyon, and Sol se Mete Canyon. The three tributary systems join in the
western half of Zone 1. Plate 1 illustrates the watershed boundaries on a topographic base map,
and shows the relative position of each tributary drainage and the confluence to form Arroyo del
Coyote. The Madera Canyon system (Photograph 1) drains the bulk of the upper watershed,
with more than twice the channel length of either Lurance or Sol se Mete Canyons. This system
is responsible for drainage of the entire eastern and northern portions of the watershed. Lurance
Canyon drains the central area of the upper watershed, and the Sol se Mete Canyon system
accounts for the southern reaches. The upper boundary of all three tributary drainage systems is
located in the highlands of the Manzanita Mountains.

•

The general drainage direction of Arroyo del Coyote trends southwest in Zones 1 and 2. At the
boundary between Zones 2 and 3, the channel makes a radical 60° bend toward the northwest
over the relatively short length of3,200 feet. Undoubtedly, the channel morphology at this
location is a surface reflection of the underlying complex structural geology. The bend in
Arroyo del Coyote is coincident with the intersection of the Sandia and Tijeras Faults system and
the Four Hills horst block. The oblique view presented in Photograph 4 illustrates the location of
the aforementioned geologic structures. The view looks down the channel toward the northwest

Sandia Fault

•

Photograph 4 - Arroyo del Coyote water gap area illustrating
relevant structural f{eolof{ic features.
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and KAFB (background). As the Four Hills horst was uplifted along the bounding faults, it
formed a barrier to flow of the ancestral southwest-trending Arroyo del Coyote. Eventually, a
zone of weakness in the Four Hills uplift created by secondary faulting and/or fracturing during
orogenesis (mountain building) was exploited by the stream flow, eroded, and fmally breached
forming a new channel, which diverted stream flow on to its current course. The breach point
created a narrow constriction in the otherwise wide, anastomosing channel system. Breach
points similar to this are generally referred to as "water gaps."
2.5.2 Ground Water Hydrology

In Zones 1 and 2 of the Arroyo del Coyote watershed, ground water is found in two different
aquifer types: shallow, thin, unconsolidated alluvial sediments and fractured bedrock. The
alluvial sediments consist in part ofthe various soils classified by the Natural Resource
Conservation Service (NRCS) (USDA, Soil Conservation Service, 1977). The bedrock aquifer
can be further divided into two subcategories. The first is composed of fractured metamorphic
rocks including meta-granite, quartzite, and meta-rhyolite. The second consists of sedimentary

•

rocks, primarily Madera Limestone, which have also been fractured. Ground water migrating
through the Madera Limestone also utilizes bedding planes within the formation. Fractures and
bedding planes in the Madera Formation can also be secondarily enhanced through the process of
solution channeling, whereby slightly acidic ground water dissolves the calcium carbonate
matrix of the rock as it migrates through, increasing the volume ofpore space, and the
permeability.

Sand and gravel zones of the Santa Fe Group represent the principal water-bearing stratigraphic
units in Zone 3. It is this aquifer upon which the City of Albuquerque relies for its water supply.
When considered as a hydrologic unit, the Upper Santa Fe Group is classified as an unconfmed
aquifer. The most permeable zones encountered are the coarser sand and gravel units.
Intervening between the favorable water-bearing zones are numerous silt and clay strata, which
are relatively impermeable, and offer little contribution to ground water flow. Due to the nature
of deposition ofthe Santa Fe Group, the gravel, sand, silt, and clay units interfmger and grade
into one another horizontally and vertically throughout the Albuquerque Basin.

•
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Regionally, the ground water flow direction is from east to west. The primary recharge areas are
the highlands of Zone 1, which receive the bulk of annual precipitation. Water as rainfall and
snow melt percolates through the hard rock aquifers (limestone and granite) by means of
secondary permeability structures (fractures) developed in these rocks. Additionally, water can
infiltrate and migrate along bedding planes in the limestone, which can act as preferential routes
due to relatively high permeability. Ultimately, ground water will migrate towards the regional
base level, which corresponds to the center of the Albuquerque Basin and the Rio Grande.

In the Arroyo del Coyote watershed, the local ground water flow regime is complex and
convoluted due to the many structural, stratigraphic, and topographic features characteristic of
Zones 1 and 2. Ground water flow can be interrupted or redirected by faults or by a rapid change
in surface slope. When forced to the surface as a result of these features, springs and seeps
develop. At least six springs have been
identified in the watershed. The springs

•

with the highest flow volume include the
Burn Site, Sol se Mete, Deer, Coyote,
Cattail, Homestead, and G, most of which
are perennial in nature. Photograph 5
shows the deep pool that is associated
with Coyote Springs in Zone 2. Bubbles
of dissolved gas(es) in the water escape
from the spring at the surface where the

Photograph 5 - Coyote Springs pool (note of/gassing of unknown gas).

pressure is less than at depth.

In Zone 3, ground water flow patterns are less complicated, and defme a more laminar route
through the permeable layers of the Santa Fe Group (Figure 4). Clastic sedimentary units
consisting of sands and some sandy silts transmit ground water from the mountain flanks down
gradient toward the center of the Albuquerque Basin.

•
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2.6

Soils

The primary parent materials for the development of soils within Zones 1 and 2 of the Arroyo del
Coyote watershed are metamorphosed igneous and sedimentary rocks. Specifically, they consist
of meta-granite, quartzite, meta-rhyolite, and limestone. In Zone 3, the Santa Fe Group is the
most prevalent parent material. The Santa Fe Group is sedimentary in origin, and is composed of
interbedded gravel, sand, silt, and clay clastic material. Since they originate close to the source
material, the soils in the watershed closely reflect the nature of the parent material from which
they were derived.

Soil classifications were determined within the Arroyo del Coyote watershed by the u.s. Soil
Conservation Service (renamed the NRCS), and are reported in the Soil Survey for Bernalillo
County and Parts ofSandoval and Valencia Counties, New Mexico (USDA, 1977a). General
soil maps, which cover the Arroyo del Coyote watershed area, accompany the soil survey report.

•

According to the report, nine distinct soil associations (types) are found within the watershed
area. In alphabetical order they are: Bluepoint Loamy Fine Sand, Gila Fine Sandy Loam,
Laporte-Rock Outcrops-Escabosa Complex, Rock Outcrop-Orthids Complex, Salas Complex,
Seis-Very Cobbly Loam, Seis Complex, Tesajo-Millet Stony Sandy Loam, and Wink Fine Sandy
Loam. Plate 2 shows the distribution of these soil types across the watershed. Generally, the soil
types grade east to west down the watershed based upon elevation. The upper reaches of the
watershed, Zone 1, are characterized by the Rock Outcrop-Orthids Complex, Salas Complex,
Seis Cobbly Loam, Seis Complex, and the Tesajo/Millet Stony Sandy Loam. Primary Zone 2
soils include Gila Fine Sandy Loam, Laporte-Rock Outcrop-Escabosa Complex, Rock OutcropOrthids Complex, Salas Complex, and Tesajo/Millet Stony Sandy Loam. The remaining soil
types can be found in Zone 3 nearest the mouth of the watershed and include Bluepoint Loamy
Fine Sand, Gila Fine Sandy Loam, and Wink Fine Sandy Loam. According to data provided by
the NRCS (1998a), Gila Fine Sandy Loam and Laporte-Rock Outcrop-Escabosa Complex soils
have the highest potential for erosion of all the soils within the watershed.

•
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The following brief soil type descriptions were attained from the NRCS (1977a). They represent
an average description for a typical section.
Bluepoint Loamy Fine Sand - The surface layer is pale brown loamy fme sand to about 8
inches. The soil to a depth of about 60 inches is pale brown and light yellowish brown loamy
sand. It is slightly calcareous, and slightly to moderately alkaline with high permeability (6.0 to
20.0 inches per hour [in/hrD.
Gila Fine Sandy Loam - The surface layer consists of a brown loam about 7 inches thick. The
next horizon is stratified brown and light yellowish brown very fme sandy loam and sandy loam
to a depth of 37 inches. Down to 60 inches, the soil is pale brown sand. The soil profile is
alkaline throughout and has moderate permeability (0.6 to 2.0 in/hr).
Laporte-Rock Outcrop-Escabosa Complex - The Laporte portion of this soil association is
described as having a surface layer that is dark grayish brown loam about 8 inches thick. The
next 7 inches consists of a grayish brown loam down to bedrock (15 inches). The soil is strongly
calcareous and has moderate permeability (0.6 to 2.0 in/hr). The outcrop portion is mostly

•

limestone with some calcareous sandstone. The Escabosa portion has a surface layer about 15
inches thick of dark grayish brown loam. The subsoil above bedrock (23 inches) consists of
white gravelly loam. Permeability for the horizon is moderate (0.6 to 2.0 in/hr).
Rock Outcrop-Orthids Complex - Orthids soils are highly variable and can range from a light
brown to pale brown to brown stony loam or very stony loam. Underlying layers are reddish
brown, brown, or strong brown very gravelly loam to very stony sandy loam. Depth to bedrock
is 10 to 30 inches. Permeability is moderate (0.6 to 2.0 in/hr).
Salas Complex - The surface layer consists of brown very gravelly loam about 8 inches thick.
The next horizon is brown gravelly clay loam and light brownish gray very gravelly fme sandy
loam. Bedrock (schist) lies at about 34 inches. Permeability is described as moderate (0.6 to 2.0
in/hr)'

Seis Cobbly Loam - Soil is pinkish gray very cobbly loam, very stony clay loam, and very stony
light clay loam. The bedrock is limestone at a depth of about 30 inches. Permeability is
moderate (0.6 to 2.0 in/hr).

•

Seis Complex - This soil is similar to the Seis Cobbly Loam with the exception of the surface
layer that is very stony loam.
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TesajolMiliet Stony Sandy Loam - Tesajo soils are described as having a surface layer that is
dark grayish brown stony sandy loam about 9 inches thick. The subsoil is 18 inches of dark
grayish brown very gravelly loam. Down to 60 inches it is composed of brown very gravelly
loamy sand. Permeability is high (2.0 to 6.0 in/hr). Millet soils have a surface layer 4 inches
thick consisting of brown stony sandy loam. The next horizon is reddish brown gravelly sandy
clay loam about 6 inches thick. Below this to 60 inches is a brown very gravelly sandy loam and
light yellowish brown very gravelly sand. Permeability is high in the surface layer (2.0 to 6.0
in/hr), but decreases with depth (0.6 to 2.0 in/hr).

Wink Fine Sandy Loam - The surface layer is comprised of brown fIne sandy loam and sandy
loam about 11 inches thick. Subsoil is light brown sandy loam. Below this horizon, the soil is
pinkish gray and pinkish white sandy loam. Permeability is high (2.0 to 6.0 in/hr).

2.7

Vegetation

Vegetation patterns in the Arroyo del Coyote watershed represent different ecosystems across the
range from Zone 1 in the high country to the warmer, drier, gently sloping desert grasslands
•

characteristic of Zone 3. The USFS (USDA, 1996) has identifIed fIve distinct vegetative areas
within the confmes of the Arroyo del Coyote watershed. The areas are characterized by the
existing vegetation and include, from east (highlands) to west (lowlands), ponderosa pine-pifionoak woodland, pifion-juniper-oak woodland, pmon-juniper woodland, juniper woodland, and
desert grassland. ponderosa pine require the greatest amount of precipitation, and hence,
populate the highest elevations within the watershed. With decreasing precipitation, the
vegetation changes from ponderosa pine to pifion, then juniper, and fmally grasses.

The higher altitude portion of Zone 1 primarily consists of a mixed conifer forest composed of
pifion and juniper trees. At the highest elevations (above 6,800 feet), ponderosa pine is also
common as both part of the general overstory and in pure stands. Canopies are often closed and
multi-storied up to 30 to 40 feet in height (USDA, 1996). Photograph 6 shows a typical stand of
pifion and juniper at an elevation of7,300 feet. Gambel oak and wavyleaf oak comprise a

•

moderate portion of the understory, along with occasional grasses.
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From 6,800 feet to rougWy 6,500 feet, the
pifton-juniper-oak woodland is dominant in
the upper reaches of the watershed, with
pifton as the most prevalent species. The
woodlands in these regions have
established a density greater than 85%
except where adjacent to the riparian areas
(Photograph 1), which are generally narrow

«

75 feet). The steep canyon slopes are

forested with a thriving pifton-juniper-oak
population. In these woodlands with high
canopy densities, there is little available

Photograph 6 - Piiion-juniper-oak woodland in
upper Madera Canyon (Zone 1).

sunlight for the development of ground
cover plants (grasses, forbs, woody brush) on the forest floor. Within the canyon bottom, the

•

riparian habitat is also generally typified as a pifton-juniper habitat.

Below 6,500 feet to roughly 6,200 feet, the pifton-juniper woodland area can be found. It is
characterized by a relatively even mix between the two species and a single-stage canopy around
8 to 10 feet in height. This vegetative
area spans the boundary between
watershed Zones 1 and 2.
The lower half of Zone 1 varies
dramatically from the upper portions in
density of trees within the woodlands as
evidenced by the area shown in
Photograph 7, which shows an area in
Madera Canyon (view is to the south).

•

Here the maximum density appears to be

Photograph 7 - Pinon-juniper woodland, lower
Madera Canyon (Zone 1).
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about 65% on the hillside in the far
background. As the density of the

•

overlying canopy decreases, there is a corresponding increase in the ground cover, primarily
native grasses (which include black grama, side-oats grama, and Indian rice grass), forbs and
woody brush.

The primary vegetation found extensively in Zone 2 of the Arroyo del Coyote watershed is
representative of the [mal transitional
environment between the thick pii'ionjuniper woodlands to the east, and the open
desert grasslands to the west. Photograph 8
illustrates characteristic juniper woodland
in Zone 2. The juniper woodland begins at
an elevation around 5,700 feet and is
dominated by juniper, with an understory
that includes wavyleaf oak, various grasses,

•

cacti, and woody brush. The density of
the juniper trees decreases to nothing
nearing the boundary with Zone 3, and

Photograph 8 - Typical juniper woodland vegetation
near Arroyo del Coyote Spring (Zone 2).

grasses along with other understory plants increase accordingly. The Arroyo del Coyote channel
runs along the base of the mountain in the background from the east (left side of photograph) to
the right. Distinct from that in the other two zones, the riparian ecosystem is slightly more
diverse in Zone 2 than in Zones I and 3. Riparian vegetation includes willow, cottonwood, and
tamarisk.

Zone 3 represents classic New Mexico desert grassland habitat (Photograph 3). Open plains
have a relatively lush grass cover intermittently populated with various forb and woody shrub
species, including a small population of the less desirable (for grazing purposes) snakeweed.
Pii'ion and juniper trees are virtually non-existent in Zone 3; thus, there are no plant species to
offer the protection of a canopy higher than three feet.

•

In addition to the predominant vegetative species mentioned, a variety of cacti, forbs, and woody
brush thrive throughout the watershed. Plants such as cacti (cholla, prickly pear, hedgehog, and
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yucca), ring muhly, galleta, Apache plume, sand dropseed, chamisa, fourwing saltbush,
greasewood, and sagebrush are abundant.

2.8

Wildlife

Species of wildlife found within the boundaries of the Arroyo del Coyote watershed are similar
to those found in grassy woodland habitats, wetlands, wooded mountain areas, and mountain
flyways, throughout the state (Fink et. aI., 1997). Wetlands near springs are found in the
watershed, and these are considered sensitive habitats because of the sparse amount of water in
this semiarid environment. These springs often are the only source of water for wildlife in the
area.

Typical animals include small rodents, snakes, lizards, skunks, deer, rabbits, and coyotes.
Because the lower elevation forest of the Manzanita Mountains between the Sandia and
Manzano Mountains represents a major regional flyway, the Arroyo del Coyote watershed is host

•

to many varieties of migratory birds. Falcons, hawks, owls, and eagles are abundant, as are
towhees, chickadees, hummingbirds, blue and Stellar jays, sparrows, red-winged black birds,
cow birds, pigeons, ravens, and doves (Fink et. aI., 1997).

Black bears also are native to the Arroyo del Coyote watershed, but are considered rare.
However, on one trip to Sol se Mete Spring in August of this year, this author observed four
black bears, including a sow and two cubs.

2.9

Historic and Present Development

Prior to inclusion into the current KAFB in the mid 1940s, the area supported a few small
ranches, some mining activity, and agricultural endeavors. Between the mid-1930s and the mid1940s, three surface water diversion works were actually constructed along the lower Arroyo del
Coyote channel in Zone 3. The structure farthest upstream has a date of 1939 etched into the
concrete. The approximate date of construction of these structures was confIrmed by review of
aerial photographs from 1935 and the 1950s. They were built to divert water into adjacent fields

•

planted on the alluvial fan slopes. At the diversion point, the structures are comprised of handlaid, grouted native rock. Photograph 9 demonstrates the scale of the diversion works found at
the middle structure. The Arroyo del Coyote channel can be seen at the left of the light-colored
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earthen dam in the center foreground. The age of these structures suggests that they may have
been a public works project funded by
one of the depression era social programs
(e.g. Civilian Conservation Corps, Works
Project Administration). The structures
conveyed water through associated
unlined canals, in one case, more than a
mile to the southwest. At various
intervals along the canal small rock-lined
flood gates diverted water into the fields.
Aerial photographs (USGS, 1951) also

Photograph 9 - Historic diversion structure along
lower Arroyo del Coyote in Zone 1. Segment of
diversion canal berm appears in foreground.

show evidence of plowed or tilled fields
to the north-northwest, adjacent to the
irrigation canals.

•

The Arroyo del Coyote watershed has experienced little development as a result of the restricted
nature of the majority of the land for the last fifty years. The existing level of government
development consists primarily of a small network of primary and secondary roads, a variety of
temporary buildings and trailers, which support activities at various sites within the watershed,
and five permanent facilities (a transportation/storage facility, Transportation Safeguards
Training Center, Central Training Academy, Aerial Cable Site, and Lurance Canyon Burn Site).
The Central Training Academy consists of different firing ranges utilized by KAFB military
personnel, DOE paramilitary units, and state and local law enforcement. The Transportation
Safeguards Training Center instructs DOE personnel responsible for the shipment of radioactive
materials. Tests conducted at the Aerial Cable Site involve impact studies on various
components. The Lurance Canyon Burn Site is used to assess the capabilities of components and
containers to withstand temperatures and combustion in a high temperature environment.

A small portion of the acreage in the north-central area of the watershed lies outside the

•

boundary ofKAFB (Plate 1). This land is privately owned, and has been moderately developed.
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Presently, there are two homes, two large riding stables, and access roads into the area. The
developed area is located in T9N, R4.5E (Plate 1) with access into the area via Interstate 40.
Photograph lOis a view looking south
towards the two stables at the base of the
mountains in the center foreground. The
dirt road in the center is the KAFB
perimeter patrol road. The homes and
stables lie outside the base to the north
and east of the boundary.
2.9.1 Roadways
The primary access into the watershed is
Coyote Springs Road, named for the
perennial spring along Arroyo del Coyote,
which is located adjacent to the road.

•

Photograph 10 - Private development outside
KAFB boundary

Coyote Springs Road runs the length ofthe watershed beginning in Zone 2, and follows the main
channel of Arroyo del Coyote. The road terminates in Lurance Canyon (Zone 3) at the Lurance
Canyon Burn Site facility. The entire length of Coyote Springs Road is unpaved, but since the
road is a critical link throughout the central part of the watershed, it is well maintained and
regularly graded. The road base is constructed of compacted soil and in some of the lower
segments (Zone 2), gravel has been
combined with the soil base. The nature
of the road's construction makes it prone
to periodic washouts from the heavy
runoff during rainstorms. Maintenance of
the road is a continuous process.

Besides Coyote Springs Road, there are a
number of secondary roads and jeep trails,

•

Photograph 11 - Gullying along steep
secondary perimeter road in Zone 1 above Sol
se Mete Canyon.
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which essentially form a ring around the
watershed. These routes are used to patrol

•

the perimeter of the withdrawn area, and to access remote areas to maintain monitoring
equipment. Most of the secondary roads in Zone 1 were constructed in the steep terrain, which
also makes them more susceptible to frequent washouts and rutting (Photograph 11). All major
roadways within the watershed are shown on Plate 1.
2.9.2 Environmental Restoration Sites

SNLINM's ER Project identified sites located within the watershed that will require restoration
and/or monitoring due to the potential for residual contamination, or other factors (structures,
concrete pads/targets, etc.) associated with past testing and experimental activities. The
information in the remainder ofthis section has been synthesized from SNLINM (1996a),
SNLINM's internal web site (1999), and document archives, and describes those Solid Waste
Management Units, which have been identified and have been or are being addressed by
SNLINM's ER Project. The ER site numbers cited were assigned by SNLINM. The green areas
on Plate 1 designate the general location of all ER sites within the watershed. Individual ER
sites have been identified by their numerical designation. Descriptions of the ER sites with a

•

potential for contamination have been included to facilitate an understanding of the nature of the
test activities and the potential contaminants of concern.

SNLINM ER Sites 12, 13,27,49,63,64,65, 72, 81, 87, 93, 94, and 160 are situated within Zone
1 of the watershed. ER Sites 8, 9, 10,21,58,59,60,61,62,88, and 92 lie within Zone 2. Zone
3 has only two sites, Sites 7 and 16. The volume of information regarding each site varies
depending on the source. The location and characteristics of each of these sites are described in
the following sections.
Zone 1 ER Sites
ER Site 12: Burial Site/Open Dump

ER Site 12 is located within a northeast-southwest arroyo channel, and is subdivided into two
units: ER Site 12A (the open portion of the arroyo) and ER Site 12B (the buried portion). Site
12A extends south from some concrete debris to the junction with the filled arroyo channeL Site

•

12B extends south to the road north of the historic drainage confluence with the Lurance Canyon
arroyo channeL
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Currently both subunits are inactive. ER Site 12 is adjacent to ER Site 65, the Lurance Canyon
Explosive Test Site, and Site 12 may have been used for waste burial associated with activities at
ER Site 65 and/or construction activities at ER Site 94. Information from interviews suggests
that it was a common practice to push vegetation and soil into the arroyos as areas were cleared
for testing activities.

According to records, buried debris may include cables, wire, insulation materials, wood,
sandbags, weapon casings, camera stands, mirrors, and high-explosives (HE) residue. This
debris potentially contains volatile organic compounds (VOCs) including trichloroethylene
(TCE), semi-volatile organic compounds (SVOCs), depleted uranium (DU), fme HE residue,
beryllium, metals, and non-hazardous solid waste.

ER Site 13: Oil Surface Impoundment, Lurance Canyon Burn Site
ER Site 13 is a man-made, unlined surface impoundment located in the Lurance Canyon Burn
Site general area (within ER Site 94), about 20 feet south of the Large Open Burn Pool (LOBP).
•

ER Site 13 was constructed to contain wastewater discharged from the LOBP, which was used to
conduct burn tests of JP-4 fuel. The LOBP was filled with water with a layer of JP-4 fuel
floating on top, which was then ignited during the tests. Remaining fuel and water were
discharged into the Site 13 impoundment and left to evaporate.

Discharged wastewater potentially contained JP-4 fuel residue and associated petroleum
hydrocarbon constituents, lead and aluminum oxide residue, dissolved-phase VOCs and SVOCs,
and metal particulates.

ER Site 27: Animal Disposal Pit (Coyote Springs)
ER Site 27 is located off Coyote Springs Road in the arroyo adjacent to Coyote Springs. The site
was originally reported as a burial pit for donkeys that died from classified radiation studies
conducted in 1959. This assumption was based solely on an interview with a lone security
guard. Recent interviews with SNL/NM personnel directly invo lved with the experiments

•

indicated that no studies were performed on the animals using radioactive materials or other
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constituents of concern. The tests performed on the donkeys involved only sophisticated
electronic equipment. The site has been proposed to NMED for No Further Action (NF A) status
(SNLINM intranet ER site, 1999).
ER Site 49: Building 9820 Drains
ER Site 49 includes the area immediately surrounding the outfall from Building 9820 and the
former location of a trailer used as a darkroom for photo processing. The site is located about Y4
mile south of the Arroyo del Coyote channel. The area was active beginning in 1958 for
explosive compounds synthesis. ER Site 49 was also used for some animal testing in 1958 and
1959. A machine shop was opened at the site in the mid-1960s, and may have discharged
solvents to the floor drains. Washing of nickel-cadmium batteries with dilute acetic acid was
also performed with the rinsate discharged to the floor drains. The drain system eventually
discharged into the bottom of a small arroyo, which is a tributary to Arroyo del Coyote.
Constituents of concern (COC) include explosives residue, orgainc compounds, residues from

•

photoprocessing chemicals, and metals. A confIrmatory sampling NFA was submitted in 1996.
ER Site 63: Balloon Test Area
Er Site 63 is located in Sol se Mete Canyon near the confluence with Arroyo del Coyote. The
site was used for explosive and impact tests involving DU and HE. The site consists of the
ground immediately surrounding the detonation or impact point. Tests were conducted in the
mid-1980s. COC include DU and HE.

ER Site 64: Gun Site
ER Site 64 was used by the DOD to conduct tests on classifIed weapons components packaged in
ISS-millimeter shells that were fIred from a portable gun. The site currently consists of a
concrete inclined structure, a portable shed, four metal velocity-screen towers, six electrical
outlet posts, three concrete pads, and an access road that loops around the site. Archival records
indicate that the site was active in the late 1960s. There are no known COC, however, surface
sampling will be conducted prior to NFA status.

•
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ER Site 65: Lurance Canyon Explosive Test Site

Co-located with ER Site 94 (Lurance Canyon Burn Site), ER Site 65 is subdivided into five
subunits:
•

65A, Small Debris Mound;

•

65B, Primary Detonation Area;

•

65C, Secondary Detonation Area;

•

65D, Near Field Dispersion Area; and

•

65E, Far Field Dispersion Area.

ER Site 94 is still used, but Site 65 is inactive. It was used for general explosive tests (open
detonation, fuel-fire, and small explosives), burn pit tests, miscellaneous burn tests, cone tests,
torch activated burn system tests, and slow-heat tests.

Lead, DU, unexploded ordnance (UXO)/HE, ordnance debris, and metal fragments are present at

•

the site (both buried and scattered from explosives testing). Uranium-238, cesium-137,
beryllium, and acetone also have been detected in soil samples.

ER Site 72: Operation Beaver Site

ER Site 72 was created from a single test conducted under Project Beaver on September 18,
1968. This project studied the feasibility of creating helicopter landing zones in wooded areas by
exploding munitions containing steel rods, which would cut down the trees. COC are HE. A
confirmatory sampling NFA was submitted in 1996.

ER Site 81: New Aerial Cable Site

The new Aerial Cable Site (now ER Site 81) was constructed over the southern area of the Old
Aerial Cable Site to provide impact testing of weapons. Construction included placing aerial
cable anchors on the ridgecrests surrounding the Sol se Mete Canyon. ER Site 81 has been
divided into six subunits:

•

•

81A, Catcher Box/Sled Track;

•

81B, Impact Pad (including the Southern Cable Area);

•

81 C, Former Burial Location;
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•

81D, Northern Cable Area;

•

81 E, Gun Impact Area; and

•

81F, Scrap Yard.

Sites 81A and 81C are still active; the remaining subunits are inactive. The area contains many
equipment storage structures that have not been used for testing. No hazardous materials, spills,
or other contamination have been detected at these storage structures. ER Site 81A potentially
contains rocket propellant and metals. Beryllium, beryllium oxide, HE compounds, DU, metals,
rocket propellant, and SVOCs may be present at ER Site 81B, resulting from impact tests
conducted there. Potential contaminants at ER Site 81 C include rocket propellant and metals.
Metals also may be present at ER Site 81D. Contaminants that may be present at ER Site 81E
include metals from the lead gas seals on fIred projectiles. ER Site 81F may contain metals.

ER Site 87: Building 9990 (Firing Site)

•

ER Site 87, Building 9990 (Firing Site), is located off of Demolition Road, approximately 1.3
miles due east of the intersection with Coyote Springs Road. The approximately 90-acre site is
in a box canyon that opens to the southwest. In the central part of the canyon the terrain is
relatively flat, sloping gently to the southwest. There are several smaller buildings and concrete
pads in the area, primarily at the northeast end of the canyon.

The test facility was active from 1969 to May 1994, during which several types of explosives
research and tests were conducted:
• Explosive generator and electromagnetic launcher research;
• Electromagnetic launcher tests;
• Containment tests involving detonating mock-up of warheads that contained signifIcant
quantities ofDU (at least one test was not contained);

•

•

Neutron generator prooftests and "stand-off tests" to test weapon components performance;

•

Davis gun tests;

•

Box tests in which HE was packed around a gas cylinder, placed in an aluminum box and
detonated; and
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• Flyer plate tests involving accelerating aluminum plates into the nose of a mock warhead to
assess damage potential.

The surrounding area is littered with various pieces of metal shrapnel. Other materials that may
have been dispersed or released during tests includ HE combustion byproducts from
Composition B, tetryl, PBX9404, nitromethane, LX-04, octoI, nitrocellulose, and baratol; DU;
tritium; toluene; acetone; methanol; and metals (beryllium, barium, lead).

ER Site 93: Madera Canyon Rocket Launcher Pads
ER Site 93 consists ofthree separate rocket launcher pads, and is located adjacent to the Arroyo
del Coyote on the north side of the channel just east of the confluence with the Madera Canyon
arroyo. Based on current archival information, all of the rocket launcher pads were used as
platforms for shoulder-fIred missiles and portable rocket launching vehicles. The pads were
constructed between 1975 and 1982. There are no known COCo A confIrmatory sampling NFA

•

proposal was submitted in August 1996.

ER Site 94: Lurance Canyon Burn Site
This site is located on the canyon-floor alluvium in the closed upper reaches of the Lurance
Canyon drainage. The canyon walls isolate the canyon floor except for the western drainage into
Arroyo del Coyote. ER Site 94 is co-located with ER Site 65. The site has seven subunits:
•

94A, Above-Ground Tanks;

•

94B, Debris/Soil Mound Area;

•

94C, Bomb Burner Area and discharge line (Bomb Burner unit has been dismantled and
removed;

•

•

94D, Bomb Burner Discharge Pit;

•

94E, Small Surface Impoundment;

•

94F, LAARC Discharge Pit; and

•

94G, Scrap Yard.

Except for ER Site 94A, which has active and inactive tanks, and ER Site 94G, which is active,
these subunits are inactive. Only a few of the structures at ER Site 94 are used currently;
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activities include testing fIre survivability of transportation containers, weapons components,
simulated weapons, and satellite components.

Potential contaminants at ER Site 94A include VOCs and SVOCs associated with JP-4 fuel.
Radiological anomalies, HE compounds, and metals may be present at ER Site 94B. Possible
contaminants associated with ER Site 94C and ER Site 94D include HE compounds, metals, DU
and other radionuclides from test units, and VOCs and SVOCs from JP-4 fuel fIres. Potential
contaminants at ER Site 94E include metals, HE compounds, and possibly radionuclides from
surface water run-on generated from the graded area at ER Site 65B. Metals, VOCs, and SVOCs
may be present at ER Site 94F. Only metals and SVOCs are potentially present at ER Site 94G.

ER Site 160: Building 9832 Septic System
ER Site 160 includes the seepage pit serving the HE wastewater system for Building 9832, which
is located on the main Arroyo del Coyote road in Lurance Canyon at the confluence with Sol se
Mete Canyon. The building was constructed in 1968 for the preparation of munitions used in
•

explosive tests at the Aerial Cable Site. Operations involved explosive train assembly,
propellant assemblies, parts degreasing, and painting of test assemblies. Wastewater from the
assembly area cleanup was discharged through a floor trough to a catch box and seepage pit.
The catch box was equipped with a polyethylene ftlter bag for collecting heavy waste particles.
The seepage pit is no longer in use. The floors are no longer washed down with water; they were
swept and wet-mopped since the late 1980s. COC are primarily explosive compounds. A
confIrmatory sampling NFA was submitted in 1996.

Zone 2 ER Sites
ER Site 8: Open Dump (Coyote Canyon Blast Area)
Inside of and associated with the ER Site 58 test area is ER Site 8, the surface dump, which
appears to contain general refuse and demolition debris. ER Site 8 is fully contained within the
4,000-foot diameter circle defming the fragment boundary surrounding the ER Site 58 test area.
ER Site 8 is generally flat and gently sloping to the south-southwest. It is bordered on the
northwest by a ridge. Arroyo del Coyote runs from the east to the west about 600 feet south of
•

the site. A smaller arroyo, which joins with Arroyo del Coyote, runs from the north to the south
through the west side ofER Site 8.
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There is evidence of open burning in the southeast corner of the site. The site is not currently
being used as an active dump. A north-south oriented road bisects Site 58 and provides site
access from the north and south. ER Site 8 is bounded by this road to the east, the end of debris
to the north (approximately 3,200 feet from Coyote Springs Road), the base of the steep ridge to
the west, and the end of test debris to the south.

ER Site 9: Burial Site/Open Dump (Schoolhouse Mesa)

ER Site 9 lies on approximately 1.86 acres ofland in Zone 2 within the southwest corner ofER
Site 61A. ER Site 9 is located adjacent to and within an arroyo channel, approximately 1,800
feet east of the Schoolhouse Building on the north side of Demolition Range Road, where a
north-trending dirt road crosses the arroyo channel and splits into two dirt trails immediately east
of the site.

ER Site 9 includes a soil-covered debris mound (Debris Mound 1) north ofthe arroyo channel,
•

an exposed debris mound (Debris Mound 2) in the north bank of the arroyo channel, and debris
(Debris Mound 3) that is scattered down the arroyo channel for a distance of up to 275 ft.
Yisible debris in Mounds 2 and 3 consists of tangled masses of barbed wire, shells and old
mortar casings, shrapnel, empty paint cans, a military bomb rack and military vehicle parts,
ceramic electrical insulators, wooden crate remnants, various pieces of wood and metal, building
rubble (including cinder blocks), an empty 55-gallon drum containing a grate that appears to
have been used as a grill, and other miscellaneous solid waste.

The source of the material at the site is uncertain. Former SNL/NM employees involved in
explosives testing were unaware that the site existed. However, one former SNL/NM employee
stated that solid wastes from Area Y field tests were dumped at ER Site 9. Some burn and
explosives testing were conducted south of the Schoolhouse Building, but material from those
activities was not disposed of in this arroyo channel. The military bomb rack and military
vehicle parts identified at the site may be remnants of DOD activities conducted in the vicinity.

•

Contaminants of concern that may be present at ER Site 9 include DU, HE, metals, and SYOCs.
A voluntary corrective measure (YCM) to remove radioactive point and area sources was
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conducted between July and October 1996. No beta/gamma radiation activity above background
has been detected near any of the debris mounds, including the cavity containing corrugated
metal located in debris mound 1.

ER Site 10: Burial Mounds (Bunker Area North ofPendulum Site)
The Burial Mounds are located on a tributary arroyo system north of the Arroyo del Coyote
channel, and east of the Four Hills Uplift. It includes nine distinct soil mounds. The mounds are
described as piled up test debris that has subsequently been covered with dirt.

cac include DU

and beryllium. A surface radiation Voluntary Corrective Measure was completed in the spring
and summer of 1996. This was the fmal remedy for the site.

ER Site 21: Metal Scrap (Coyote Springs)
ER Site 21 consists of one empty 55-gallon drum and a small volume of scrap metal lying in a
heavily vegetated area at the Coyote Spring. No records were found, which describe the
materials. In February 1994, a surface radiation survey was conducted at the site. No radiation
•

was detected above background readings of 10 to 13 microroentgen per hour. No

cac were

identified. A NFA proposal was submitted to EPA in October 1994. Additional sampling was
required by NMED, which was subsequently performed. A resubmittal of the NFA is expected
pending the receipt of sampling results (SNL/NM, 1999).

ER Site 58: Coyote Canyon Blast Area
The Site 58 fragment boundary is located
east of Manzano Base (approximately
1,000 feet at the closest point). Its
southern boundary is located 200 feet
north of Coyote Springs Road. The area
within the Site 58 fragment boundary is
approximately 256 acres (a 4,000-foot
diameter circle). The size of the test area

•

is approximately 87 acres. The site's test
area boundary was selected to encompass

Photograph 12 - Remnant debris and
structures associated with ER Site 58 in Zone 2.
View is to the southeast.
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all known or suspected firing/test sites. The fragment boundary, a circle with a radius of2,000
feet from the center of the test area, was selected to encompass the probable dispersal areas for
fragments.

The test area of Site 58 is generally flat and gently sloping to the south-southwest. It is
surrounded on the northeast, northwest, and south by hills. A medium-sized arroyo runs from
the east to the west along the extreme southern portion of the site. A smaller arroyo runs from
the north to the south through the west side of the site.

Testing was conducted at the site from 1950 to the late 1960s. A wide variety of tests involving
above-ground explosive detonations were conducted at more than 17 separate test locations
within Site 58. Non-explosive tests were also conducted. Tests included:

•

•

Burn test on weapons;

•

Height-of-burst studies;

•

Blast force on structure test;

•

Studies of the effects of terrain on blast waves;

•

Explosives related to the Strategic Defense Initiative;

•

Shrapnel studies;

•

Electromagnetic studies of weapon detonations;

•

Detonation effects on glove boxes of the type used to handle nuclear materials;

•

Studies of explosive propelled plates impacting weapons; and

•

Penetrator impact tests

The material that may have been dispersed/released at some tests within Site 58 includes HE,
metals (barium, and lead), carbon tetrachloride in cable conduit, JP-4 from burn tests, argon,
radioactive metal fragments containing thorium, plastic fragments containing cesium, and small
piles of construction debris.

•
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ER Site 59: Pendulum Site
ER Site 59 is located on a tributary arroyo system north of the Arroyo del Coyote channel, and
east of the Four Hills Uplift. It was used for studying the effects of acceleration forces on
weapons components in the early 1950s. The tests were non-destructive. Presently, the site
consists primarily of the concrete-lined trench where the tests were performed. No COC have
been identified. Sampling of this site prior to NFA status was planned for fiscal year 1997.

ER Site 60: Bunker Area (north ofPendulum Site)
The Bunker Area is located on a tributary arroyo system north of the Arroyo del Coyote channel,
and east ofthe Four Hills Uplift. ER Site 60 includes two bunker buildings and an assumed blast
radius of approximately 1,000 feet. The bunkers were originally constructed as control buildings
for the Pendulum Site. Historic activities at the site include weapons tests, some of which
involved DU, beryllium, HE, and radioactive tracers. Some debris from activities has been either
buried at the site or left on the surface. The last weapons test resulted in an explosion that blew

•

off the roof of the bunker. Radioactive materials were identified in the area, during a SNLINM
radiometric survey.

cac include DU and beryllium.

Future Voluntary Corrective Measure

plans involve decontamination and demolition of the bunker walls and removal of metal
radioactive debris and non-hazardous solid waste prior to submittal ofa NFA proposal in 1999.

ER Site 61A: Schoolhouse Mesa Test Site Blast Area
ER Site 61A surrounds ER Site 9 and covers 33.92 acres ofland. It is located on Schoolhouse
Mesa, northeast of Demolition Range Road and south of Coyote Springs Road. This inactive site
is within the former Area Z explosives testing area.

The site contains a cleared area, two debris mounds (one southwest and one northwest of the
cleared area), and three concrete slabs. There is a small hill adjacent to the southern edge ofthe
cleared area.

No SNL test documents regarding ER Site 61A have been found, but the area was used by the
military for war games. One large bomb fragment and numerous metal pieces of aircraft
•

fuselage are scattered on the ground. Plastic fragments, an old battery, and metal scrap are
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evident in the debris mounds. Potential hazardous contaminants associated with ER Site 61A
include UXOIHE, radioactive materials (such as DU), and metals.

ER Site 62: Greystone Manor Site (Coyote Springs)
This site was approved for NFA status in July 1995, and subsequently dropped from the list of
ER sites. It is left on Plate 1 for historical reasons only.

ER Site 88: Firing Site: Instrumentation Pole
ER Site 88 is located roughly 1/8 ofa mile to the northwest of the Arroyo del Coyote channel
southeast of the Four Hills Uplift. The site consists of two wooden instrumentation poles (only
one remains erected) with associated guy wires and a debris mound. The debris mound contains
pieces of metal and wood, and shows evidence of burning in the mound. Neither interviews nor
historical records document the the purpose of the instrumentation poles. However, its similar
appearance to other sites that contain similar wooden structures makes it likely that this was a
flfing site. Aerial photographs give some indication that the site was used in the 1950s and
•

1960s. COCs associated with this site might include shrapnel (possibly containing lead or
beryllium) and residual HE. Waste characterization sampling was completed in January 1997.
Based upon the results of the sampling, a NFA proposal will be prepared and submitted to

NMED.

ER Site 92: Pressure Vessel Test Site
ER Site 92 is located in a shallow drainage area north of Site 58, which is a tributary arroyo
system to the Arroyo del Coyote channel, and lies east of the Four Hills Uplift. The site was
used to perform pressure tests on prototype-scale model reactor vessels to determine their
tolerance to extreme internal pressures. Nitrogen gas was used to pressure test the vessels
beyond design capacity. No hazardous materials were used. The site has not been used since
1992. ER Site 92 remains in a stand-by mode in case it is used again. No COC have been
identified. A NFA proposal has been submitted and the decision is pending.

•
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Zone 3 ER Site
ER Site 7: Gas Cylinder Disposal
ER Site 7 is located within a fenced area located immediately adjacent to Arroyo del Coyote on
the east side of the channel. Records indicate that the site was used from 1980 to 1986 for the
sole purpose of obtaining gravel. The site currently contains concrete debris and scrap metal
from the demolition of a DOD - Veterans Administration hospital. The area was fenced to
prevent unauthorized scavenging or dumping. The erroneous listing as an environmental
concern arose from the misinterpretation of interview notes during the classification process.
The true location of buried gas cylinders is at ER Site 6A outside ofthe Arroyo del Coyote
watershed. ER Site 7 was proposed for NFA status in June 1995. SNLINM submitted comments
to NMED regarding the NFA in October 1996.

ER Site 16: Open Dumps (Arroyo del Coyote)
ER Site 16 is located along Arroyo del Coyote where it crosses the access road to Technical

•

Areas (TA) III and V; the site occupies 28 acres northwest and southeast of the road. Site 16 was
used as a dump and a gravel quarry. Dumping occurred between 1959 and 1967, and 1983 and
1985.

Process knowledge indicates that the following items were dumped on the site:

•

•

Construction demolition debris from facilities known to have used DU;

•

Concrete laser targets;

•

Rocket debris, foam insulation, cans, wood, and reinforcing-bar;

•

Spent smoke canisters;

•

Large concrete crucibles used to test concrete-sodium reactions;

•

A concrete septic tank;

•

Piles of fire bricks (two piles appear to contain asbestos);

•

A pile of oil shale and slag dumped between 1983 and 1985;

•

Numerous piles of soil (apparently from the large excavation that was part of construction of
the TA-V facilities);

•

A large charcoal filter; and

•

Potting compounds (inert materials, such as epoxies and plastic foams).
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ER Site 16 has been remediated.
Miscellaneous trash and non-hazardous
debris were excavated and disposed or
recycled. The area was then returned to
its natural grade and will be reseeded with
indigenous grasses and forbs in the spring
of 1999. Photograph 13 shows ER Site
16 in the [mal phase ofrecontouring
activities.

Photograph 13 - ER Site 16 injinal phase of
reclamation. View is to the north and Tijeras Arroyo.

•
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3.0

Soil Loss Analyses

Physical impacts to surface water quality in the Arroyo del Coyote watershed are
primarily caused by an increase in sediment loading. In its natural state, the watershed
ecosystem has evolved into a state of dynamic equilibrium. For example, a base level of
sediment is constantly being eroded from the surface and transported downstream by
fluvial processes. However, anthropogenic disturbance ofthe land can disrupt the
equilibrium, which will evoke a response as the ecosystem attempts to regain a balanced
condition. In this case, the response would be increased erosion rates of the topsoil
resulting in higher concentrations of sediment in storm runoff.

Sediment loading, turbidity, and siltation have been identified as surface water quality
concerns in all eleven of New Mexico's water quality basins, according to the most
current New Mexico Water Quality Control Commission report (1996). Throughout New

•

Mexico, siltation (sedimentation) has been identified in the same report as the number
one cause of major impairment to streams. Sediment can degrade sensitive aquatic
habitats by decreasing the amount of available energy from sunlight, and burying eggs of
bottom-laying aquatic animals. Depending on the volume of sediment in suspension, it
could also lead to aggradation of stream channels resulting in flooding and
scouring/undercutting of stream banks, which leads to mass wasting. Therefore, the EPA
and the New Mexico Environment Department's Surface Water Bureau are in the process
of developing total maximum daily load (TMDL) values for allowable sediment
concentrations. Once developed and implemented, TMDLs for sediment will initially be
viewed as voluntary limits by the regulatory authorities.

3.1 Modified Universal Soil Loss Equation
As a component of this project, soil loss assessments were conducted at various locations
throughout the watershed, utilizing the Modified Universal Soil Loss Equation (MUSLE).
The original Universal Soil Loss Equation was developed by the Soil Conservation

•

Service (now the NRCS) in the 1940s for soil loss analysis of agricultural fields (Brooks
et. aI., 1997). Since then it has undergone many revisions and was eventually modified
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for use on rangelands, forest environments, and nonagricultural conditions such as
construction sites.

The modified equation groups numerous interrelated physical and management
parameters (i.e., soil type, rainfall pattern, topography) that influence the erosion rate
under four major factors, and then estimates average annual soil loss caused by sheet and
rill erosion. The MUSLE is an empirically based, multivariate equation, which is
expressed mathematically as

A tons/acre/year = R x Kx (LS) x (VM)
where

A = soil loss rate,
R = rainfall erosivity factor,
K = soil erodibility factor,

•

(LS) = topographic factor (length and slope of gradient), and
(VM) = dimensionless vegetation management factor.

For this study, the rainfall erosivity factor (R) was obtained from the NRCS (R) Factor
Values for Universal Soil Loss Equation (USDA, Soil Conservation Service, 1977b) New
Mexico state map. It is an index that characterizes the effect of raindrop impact and rate
of overland flow associated with the rainstorm (Brooks et. aI., 1997). The R factor takes
into account the variability of rainstorm duration and intensity.

The soil erodibility factor (X) indicates the susceptibility of soil to erosion, and is an
inherent quality of specific soils as classified by the NRCS. Values were obtained from
the state soils database, which is operated and maintained by the local NRCS office in
Albuquerque, New Mexico.

The length-slope (LS) factor represents two distinct parameters: the length of the hillside
or field under consideration in the direction of flow, and the slope gradient of the same.
•

In general, slopes are treated as uniform profiles (Brooks et. aI., 1997). The (LS) factor

Page 49

•

was obtained from a graph developed by the NRCS. The (LS) graph is constructed on a
log-log scale with length on the abscissa, (LS) factor values on the ordinate, and lines of
equal gradient (in percent) plotted as curves. Alternatively, (LS) factors can be read from
a table of values developed by Marsh (1998). It was produced by taking the algorithms
used to develop the curves in the graph, and integrating them into a table format. The
correct value can be selected directly from the table or interpolated between the listed
values.

The final variable, vegetation management factor (VM), addresses the type of vegetation
and extent of cover. Replacement of the original cropping management (C) factor and
erosion control practice (P) factor with the (VM) factor was the primary change from the
original equation to the present version of the MUSLE. The inclusion of (VM) originally
allowed for application of the MUSLE beyond agricultural use. Vegetative cover and
soil surface conditions of natural ecosystems, whether undisturbed or disturbed, are

•

accounted by the (VM) factor (Brooks et. aI., 1997). The (VM) factor is determined from
a table (Brooks et. aI., 1997) also developed by the NRCS. It takes into account percent
ground cover, and the overstory canopy type and quantity.

Currently, numerous government agencies, including the NRCS, and private
organizations support and use a variant of the MUSLE for range lands and forests,
referred to as the Revised Universal Soil Loss Equation (RUSLE) (. These equations
utilize the same (R), (K), and (LS) factors with no alterations. The difference lies in the
vegetation management (VM) factor, which was returned to the original cropping
management (C) and erosion control practice (P) factors. For the evaluation of range
land or forest environments, the erosion control practice (P) factor will have a value of 1,
which will not effect the [mal product in the equation. In a non-agricultural setting, the
erosion control practice (P) factor describes the effects of land practices such as sediment
basins, vegetation buffer strips, silt fences, straw bales, and subsurface drainage when
considering conservation or reclamation options (USDA, 1999).

•
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In this application, the primary difference between the two equations is in the
determination of the vegetation management (VM) factor in the MUSLE and the cropping
management (C) factor in the RUSLE. In the RUSLE, the cropping management (C)
factor is equivalent to the vegetation management factor plus consideration of the
percentage of rock outcrop along a particular slope segment and hydraulic roughness
(USDA, 1999). Inclusion of rock outcrop in the calculation would effectively reduce the
amount of soil available for erosion, and, therefore, the total predicted soil loss would be
less. Hydraulic roughness impedes overland flow, and causes water to be stored in
depressions. This reduces erosivity of raindrop impact and water flow. Over time,
roughness disappears as the depressions fill with water and sediment. The effect of
hydraulic roughness included in the RUSLE would also decrease the total predicted soil
loss. This is due to interception by depressions of both sediment and water.

Due predominantly to a lack of data regarding percentage of rock outcrop throughout

•

Arroyo del Coyote watershed, the MUSLE was selected for use in this study. Should
rock outcrop data become available, the RUSLE would be more suitable for use. The
rainfall erosivity factor (R) map, soil erodibility factor (K) database information, lengthslope (LS) factor graph (Dunne and Leopold, 1978) and table (Marsh, 1998), and
vegetation management factor (VM) table (Brooks et. aI., 1997) have been included with
this report as Appendix B.

Values for all the MUSLE factors were determined for twenty-five different sites
throughout the Arroyo del Coyote watershed, and entered into a spreadsheet program to
derive the soil loss rate, (A). Plate 1 shows the location of all 25 sites used in the
analysis. The results of the MUSLE analysis are presented in Table 2, and are organized
alphabetically by soil name.

The number of sites in each soil type generally represents the amount of acreage for that
soil type within the watershed, but at least one site was located in every soil type. Sites
were also selected based upon the goal of incorporating a certain degree of spatial
•

distribution. Some site locations were selected to reflect the effects of disturbance to the
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Soil
Name

Bluepoint Loamy Fine Sand
Gila Fine Sandy Loam

•

Table 2· Modified Universal Soil Loss Equation Results:

A

•

=R*K*(LS)*(VM)

WS

Rainfall

Soil

Lengthl

Vegetation

Vegetation

Soil Loss Rate

Soil Loss Tolerance

Zone

(R)

Erodibility (K)

Slope (LS)

Sample Site No.

Density (VM)

(A) tons/ac/yr

(T) tons/ac/yr

3

30

0.17

0.6

Site #02

0.060

0.18

5.0
5.0

3

30

0.24

0.6

Site #03

0.200

0.86

2

40

0.24

0.3

Site #06

0.050

0.14

2

40

0.24

1.2

Site #09

0.060

0.69

LaportelEscabosa Complex

2

40

0.29

1.9

Site #05

0.060

1.32

1.5

Orthids Complex

1

40

0.20

5.8

Site #12

0.009

0.42

1.0

1
1

50
50

0.20
0.20

32.1
26.9

Site #15
Site #16

0.025
0.009

1

50

0.20

40.6

Site #17

0.001

0.41

1

50

0.20

19.5

Site #19

0.001

0.20

1

50

0.20

19.0

Site #20

0.004

0.76

1

50

0.20

15.1

Site #23

0.004

0.60

2

40

0.10

19.0

Site #08

0.040

1
1

40
40

0.10
0.10

32.1
19.0

Site #10
Site #13

0.030
0.050

1

40

0.10

28.7

Site #14

0.070

8.04

Seis CobblyLoam

1

50

0.10

12.5

Site #25

0.001

0.06

2.0

Seis Complex

1

50

0.10

9.0

Site #24

0.001

0.05

2.0

Tesajo/Miliet

2

40

0.10

1.2

Site #07

0.110

0.53

4.0

Stony Sandy Loam

1

40

0.10

1.5

Site#11

0.050

0.30

1
1

50
50

0.10
0.10

17.9
2.7

Site#18
Site #21

0.009
0.450! -

0.81
6.08

1

50

0.10

3.1

Site #22

0.200

3.10

3

30

0.20

0.6

Site #01

0.090

0.32

3

30

0.20

0.6

Site #04

0.080

0.29

~

~
~

~
Salas Complex

Wink Fine Sandy Loam

Denotes soil loss in excess of Soil Loss Tolerance value.

l

I

8.03
2.42

3.04

2.0

3.85
3.80

3.0

•

land from human activities. For example, Sites 15 and 16 lie directly across a small
ravine from one another. However Site 15 lies within the 1989-burn area, while Site 16
is located in the adjacent pifion-juniper woodlands, which were unaffected by the fIre.

Different rainfall erosivity factors (R) were assigned to each watershed zone as follows:
Zone 1 = 50; Zone 2 = 40; and Zone 3 = 30. This approach accounted for the variable
precipitation with respect to elevation. Soil erodibility (10 values were determined by the
NRCS, and are an intrinsic value for each of the soil type horizons. Slope length and
gradient were measured from the appropriate USGS 7.5-minute topographic maps, and
used with Marsh's table (Appendix B) to obtain LS factors.

Determination of the vegetation management factor (VM) proved to be the most difficult
and time-consuming task of the MUSLE analysis. Each of the twenty-fIve sites was
visited in the fIeld, and the vegetation density measured in the following manner. A 100-

•

foot length of ground was measured in a randomly selected direction. The direction was
selected by tossing a pencil into the air and following the direction of the point. At 10foot increments, the ground cover and canopy vegetation were noted. The same
procedure was repeated twice so that the vegetation density was measured at each site (in
different directions) a total of three times. The random direction selected was not
allowed to be repeated. The recorded data were assessed, and percent ground cover and
percent canopy values were derived for each of the three transects at a site. Each
measurement interval represented a value of ten percent. Thus, if a transect had six
intervals with grass that were observed, a value of sixty percent was used for
determination of VM. Then, using the NRCS vegetation management table (Appendix
B), VM factor values were determined. Each site had three VM values, which were
averaged for that site to produce a single VM factor number.

Table 2 also contains columns for the watershed zone in which that soil type is found and
a soil loss tolerance (7) for each soil type. Soil loss tolerance is the amount of a given

•

soil that can be displaced through erosion each year, and be replenished through natural
soil regeneration processes (Pimentel, 1993). According to Pimentel (1993), the best
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estimate of a global sustainable rate of soil loss is about 1.0 metric tonne per hectare per
year or, roughly, 0.4 tons per acre per year. It is used as the basis for evaluating the
impacts of soil erosion and developing objectives for watershed management efforts.
Erosion rates greater than the soil loss tolerance are of special concern because they
threaten soil sustainability and overall land health. The soil loss tolerance (1) values used
in Table 2 were assigned by the NRCS (Appendix B), and are given in units oftons per
acre per year (tons/acre/year).

The soil loss rates (A) derived for the Arroyo del Coyote watershed were compared with
the soil loss tolerance (1) values prescribed by the NRCS. Those sites listed in Table 2
for which the soil loss rate exceeded the soil loss tolerance are shaded in red. Seven sites
(28%) ofthe total 25 sites assessed exceeded the soil loss tolerance value. With one
exception (Site 8), the sites exceeding the soil loss tolerance (1) values are located in the
steep terrain, which comprises the majority of Zone 1. The site locations represent both

•

disturbed and undisturbed areas within the watershed. Two sites (15 and 21), are
locations where human activity has disturbed the vegetation. Site 15 is an area where all
the existing vegetation was burned in the 1989 fIre (revegetation by grasses and forbs has
occurred since), and Site 21 is located at the Lurance Canyon Burn Site, which has been
cleared of all vegetation for safety considerations during testing. The remaining sites can
be considered as in a natural condition or undisturbed. Clearly, natural soil loss rates (A)
can exceed the soil loss tolerance set by the NRCS. This means that under natural
conditions, soil development in these areas is extremely slow, and soil particles can be
dislodged and carried away by rainfall and overland flow at a rate faster than which they
accumulate.

Comparisons of the results were made between the disturbed and undisturbed sites. At
Site 15, the pmon-juniper woodland had been destroyed by fIre. Since the fIre in 1989,
vegetation has regenerated in the form of grasses and forbs, which are considered as
ground cover compared to the pmon-juniper canopy cover. Ground cover offers greater

•

protection from soil particle detachment during rainstorms, and is weighted accordingly
in the MUSLE calculation. The Site 15 MUSLE result was compared to that generated
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from the data collected for Site 16. This site is located approximately 800 feet to the
northwest of Site 15 in an undisturbed portion of the pinion-juniper woodland.
Photograph 14 illustrates the relative position of each site. The burned area in the hills is
easily distinguished from the surrounding pifion-juniper woodlands.

6

•

Site 15

Photograph 14 - Looking east into the 1989-burn area, lower Madera Canyon.
MUSLE Sites 15 and 16 identified in red.

The predicted results of the MUSLE indicate that while both sites exceed the soil loss
tolerance of 1 ton/acre/year for the Orthids Complex soil type, Site 15 presently has a soil
loss rate (8.03 tons/acre/year), which is more than three times as high as that predicted for
Site 16 (2.42 tons/acre/year). One of the suggested reasons for the difference stems from
the fact that Site 15 has a steeper slope, resulting in a LS factor of 32.1 for Site 15
compared to 26.9 at Site 16. The other suggested explanation involves the density of
ground cover incorporated in the VM factor. Even though grass cover affords much
better protection to the soil than the canopy cover ofpifion-juniper, more than 50% of the
hillside at Site 15 is still represented by bare soil and rocks. Until the ground cover has
fully regenerated, soil loss rates are likely to remain higher at Site 15 as opposed to Site
16. In addition, without the interception capacity afforded by the pifion-juniper
woodlands in the undisturbed portions, a greater volume of runoff is generated; runoff

•

that contributes significantly to sheet erosion.
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To test this explanation, a new vegetation management (VM) factor was determined for
Site 15 using a value of ninety percent for grass cover (this allows for some rock
outcrops). With a new vegetation management (VM) factor of 0.006, based upon ninety
percent grass coverage, a soil loss rate (A) was calculated using the remaining original
parameters for R, K, and LS as listed in Table 2 for Site 15. The resulting predicted soil
loss rate (A) is equal to 1.93 tons/acre/year, which would be less than the undisturbed
area of Site 16.

A comparison of Sites 21 and 22 reveals that a similar condition reflects similar predicted
results. Here the vegetation has not been allowed to grow back after initial eradication.
Site 21 is located at the Lurance Canyon Burn Site, and Site 22 approximately 400 feet to
the west. The relative location of
the sites are pictured in
Photograph 15. Site 22

•

represents an undisturbed area.
The sites possess similar
characteristics for all the MUSLE
parameters with the exception of
the vegetation management (VM)
factor.

NRCS prescribed soil loss
tolerance for the area (Table 2 and
Appendix B) is equivalent to 4

Photograph 15 - View to the northwest at
Lurance Canyon Burn Site, upper Lurance

tons/acre/year. The results of the MUSLE show that Site 21, at 6.08 tons/acre/year,
exceeds the soil tolerance limit. Site 22 exhibits a soil loss rate 50 percent less than Site
21 (3.10 tons/acre/year). Clearly this is due to the presence of at least some vegetative
cover at Site 22. Evidence of accelerated erosion at Site 21 is illustrated by the formation
of rills cutting into the arroyo bank in the center foreground of the picture. This arroyo

•

has recently been armored with concrete riprap to protect the channel from further
erosion and soil loss.
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3.2 Critical Land Use Area Map
Management and planning for sustainable land use and protection of the environment are
major concerns for DOE and SNLINM. Therefore, as a component ofthe Arroyo del
Coyote project, a critical land use area map was prepared from existing SNLINM
geographic information system (GIS) databases and data generated during this project.
The critical land use area map is a graphical representation of the spatial distribution of
predicted or potential soil loss rates derived by means of the MUSLE versus the soil loss
tolerance value established by NRCS. The map will be useful as a management tool
when planning or assessing the environmental impacts of future activities.

The critical land use area map was prepared using SNLINM's GIS platform and is
included as Plate 3 ofthis report. In order to produce Plate 3, an overlay (map) of each of
the variables associated with the MUSLE (R, K, LS, and VM) was fIrst constructed.
Figure 6 depicts each of the unique variable maps produced, which were subsequently
combined to construct Plate 3. The rainfall (R) and soil erodibility (K) overlays (Figures
•

6a and 6b) were straightforward and easily produced. Different values for the R factor
were assigned to each intra-watershed zone as described in the previous section. The K
factor values are intrinsic characteristics of the soil types. Since the soil types were
already incorporated into SNLINM's GIS database, it was relatively simple to assign
each soil type polygon the unique numeric K factor value.

Next, the vegetation management (VM) overlay (Figure 6c) was constructed by taking the
VM numbers generated from the fIeld data collected, and contouring the values. The VM
contour map was then imported into the GIS system. The dark green area in the center of
Zone 1 represents the highest numeric values of the variable VM found at Site 21. This
area appears as an anomaly because of the combination of steeper slopes, higher rainfall,
and no vegetation at the Lurance Canyon Burn Site.

•
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Zone 1

a.) R Factor Overlay

b.) K Factor Overlay

•

c.) VAl Factor Overlay

Zone1

d) LS Factor Overlay

•

Figure 6 - MUSLE variables GIS overlays for the Arroyo del Coyote watershed.
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The overlay for the length-slope (LS) proved to be the most difficult to incorporate into
the GIS. It was determined that contouring the LS data, as with the VM overlay, would
probably be inappropriate, because slope length is extremely site-specific, and not
conducive to calculation by the GIS. Additionally, the topography can exhibit a wide
range of slope gradients in a relatively small area. For example, slopes can vary from a
few percent to over 30 percent traveling from the valley bottom towards the crest of a
mountain. This is especially true in mountainous terrain characteristic of Zone 1. Thus,
contouring field data with the few data points (25 total) collected in each area would not
generate valid results.

Instead, the empirical equations derived by the NRCS, and used to generate the LS factor
tables in Appendix B, were employed to determine the necessary numeric values for each
ofthe GIS polygons. There are three relevant equations -- one each for slope length and
slope gradient, and a [mal formula to combine L and S for the LS factor. The slope length

•

factor L is defined by Brooks et. ai. (1997) as:

L

= (x / 72.6 )m.

The variable x equals the field slope length in feet. In order to use the slope length
formula in a GIS context, a constant field slope length of 500 feet was designated. It is
recognized that slope lengths throughout the Arroyo del Coyote watershed are highly
variable from site to site. The slope length represents a limitation of the GIS application
since it can represent a range of values per GIS polygon, which is difficult to translate
into a specific value. It may be necessary to construct a series of Critical Land Use Area
maps for the watershed each with a different slope length constant perhaps ranging from
250 feet to 2,500 feet in order to account for the differences.

The exponent m is a dimensionless value, which is affected by the interaction of slope
length with gradient, soil properties, vegetation type, etc. (Brooks et. aI., 1997).
According to Brooks et. ai. (1997), the value ofm can range from 0.3 for slopes with
•

gradients less than 5 percent to 0.6 for slopes with a gradient of more than 10 percent; an
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average value of 0.5 is applicable to most cases. For this exercise, discreet values for the
exponent variable were assigned to each ofthe watershed zones as follows: Zone I = 0.5;
Zone 2 = 0.4; and Zone 3 = 0.3. Justification for this approach is based upon the fact that
slope gradients decrease from Zone I to Zone 3.

The slope gradient factor Sis defmed by Brooks et. al. (1997) as:

S

= (

0.43 + 0.30s + 0.43i ) /6.613.

The variable s equals the slope gradient in percent. The maximum gradient used to
develop this equation was 25 percent, which is less than the slope found in Zones I and 2
in the Arroyo del Coyote watershed. In addition, Brooks et. al. (1997) state that recent
investigations on rangelands suggest that the MUSLE could overestimate the effect of
slope, and larger absolute values of predictedsoil loss would result. They speculate that
in future revisions of the MUSLE, the S factor will be adjusted downward. Therefore,
•

only the relative trends and relationships exhibited on Plate 3 should be considered until
field data from the Arroyo del Coyote watershed soil loss gauges (see Section 3.3) could

be used to calibrate the GIS model and improve the accuracy ofthe predicted soil loss
values. In its present form, the GIS model tends to generate absolute soil loss values for
some areas that seem, erroneously high. Based upon the experience gained during this
study, this is the result of a lack of data for the vegetation management (VM) factor.

Once values for both the L factor and S factor were derived from the empirical equations,
they were entered into a fmal empirical formula to generate the LS factor. The fmal form
of the equation as cited in Brooks et. al. (1997) is

LS = L x S x (10,000 / 10,000 + i).

An overlay was then created from the LS factor numeric data (Figure 6d).

•
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Once the four overlays had been generated, the GIS system was utilized to meld them
into the [mal Critical Land Use Area map (Plate 3). The accuracy of Plate 3 will improve
as the number of vegetation density (VM) data points increases, and soil loss gauge field
data are incorporated for the purpose of calibration of the model. A calibration procedure
has yet to be developed between the soil loss gauges and the GIS results.

The Critical Land Use Area map (Plate 3) does illustrate that some areas within the
Arroyo del Coyote watershed are more vulnerable to erosion and soil loss than others. In
particular, there are three general areas predicted to be more vulnerable (darker shades of
brown) that stand out. All three of these are located in Zone 1 as would be expected due
to the higher annual rainfall rate and steeper slopes. The first is a relatively large area in
the north central portion of Zone1, which corresponds to the hills on the north and east
side of the Lurance Canyon Bum Site. The GIS model shows this area as extending into
Madera Canyon. Soil type and rainfall are the same over the area. Slope gradient and

•

vegetation density do change. Until additional vegetation density data can be gathered
here, it is difficult to explain, which of these is the controlling factor for this area of high
erosion. Most likely the extent of this anomaly is due in part to the lack of data through
the area.

A second smaller anomaly was predicted and mapped near the southwest boundary of
Zone 1 between vegetation measurement Sites 12 and 23. Most likely this results from
the combination of a soil type with a moderate soil erodibilty (K) factor, high annual
rainfall (R) factor, and high slope length-steepness (LS) factor.

The third and smallest anomaly is located northwest of vegetation measurement Site 14.
It is speculated that the MUSLE utilizing the GIS predicts this as a relatively high soil

loss area because of a change in soil type compared to the surrounding areas. Adjacent to
the anomaly on the south, east, and west sides are soil types with a soil erodibility (K)
factor halfthat of the soil type, which comprises the anomaly (0.1 vs. 0.2). It also
represents an area with increasing slope gradients on the southeast side, which also tends
•

to increase the soil loss prediction.
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Although it is the smallest anomaly predicted by the model, it represents the most
important one, because it demonstrates the value of this model. Intuitively, this area
would not necessarily seem to be a site highly vulnerable to soil loss. However, with the
aid of the GIS model results, protection of natural resources can be proactive as opposed
to reactive. Plans for roads or facilities can incorporate erosion control measures in the
initial phase, which in the long term will ultimately save money. Alternatively, projects
could be modified to avoid these areas altogether.

When compared to the values presented in Table 2, which were derived from the
spreadsheet calculations, the majority of GIS-generated soil loss values presented in Plate
3 are equivalent. However, there is some disagreement at Sites 8, 14,21, and 22. At
three of the sites (8, 21, and 22) the difference between the spreadsheet calculated value
and the maximum GIS-generated value for that particular category is relatively slight

•

(~

0.1). The largest difference (1.04) between values was observed at Site 14. No clear
explanation can be given for the large discrepancy.

3.3 Soil Loss Gauges
In addition to the two studies described above, an attempt was made to measure soil loss
rates in the field within the Arroyo del Coyote watershed. Through this process, the
empirical data used to generate the Critical Land Use Area map could be calibrated
against actual soil loss conditions observed in the field, and to improve the accuracy of
the Critical Land Use Area map. Also, the soil gauges establish a benchmark by which
future soil loss rates can be compared.

Seven soil loss gauges were erected at various locations within the three watershed zones.
The soil gauge locations are indicated on Plate I and designated as Units SG-l through
SG-7. The Unit SG-l site was selected to provide an indication of erosion at Site 21
(Photograph 15), which is an area of multiple ER sites identified by SNL/NM. The
results could then be contrasted with those derived from the MUSLE to aid in calibration
•

for future use of the empirical equation. Similarly, the location of Units SG-2 and SG-3,
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adjacent to Sites 15 and 16 (Photograph 14), were selected for the benefit of comparison
with the results from the MUSLE.

Three additional soil gauges were
placed in Zone 2 near or adjacent
to disturbed areas. Unit SG-4
measures soil loss on a grassy
hillslope near an arroyo bank site
excavated for fill material. It
represents an undisturbed area,
while about 200 feet southeast,
Unit SG-5 was constructed on a
denuded slope in the disturbed
section of the arroyo.
Photograph 16 shows the disturbed area of the arroyo with Unit SG-5 shown in the center
•

of the picture. Since the area was disturbed, vegetation has been slow to take root,
apparently because the hillslope is unstable. The exact date of disturbance is unknown,
but access into the area is
limited, and the absence of
signs of recent entry (e.g. tire
tracks, dead vegetation) seem to
indicate that material from the
site has not been removed for at
least a few years. The last
location in Zone 2 (Photograph
17) is located adjacent to a dip
in the Coyote Springs Road,
which acts as a drainage route for
runoff generated from the road

Photograph 17 _ Unit SG-6 location with
Coyote Springs Road in background.

surface. The soil gauge spans a small gully, which has formed as a result ofthis runoff
•

The area receives abundant soil eroded from the road's surface as a result ofthe high
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volume of runoff generated and the lack of vegetation protecting the road surface.
Therefore, soil is deposited as well as eroded from this location depending on fluvial
conditions at the time.

The final soil gauge, Unit SG-7, is located on a representative, undisturbed slope
immediately adjacent to the Arroyo
del Coyote channel and to the TAIIIN access road in Zone 3. The

vegetation predominantly consists
of various grasses and sagebrush.
Photograph 18 illustrates the slope
and vegetation characteristics.
Unit SG-7 appears in the center of
the photograph highlighted by the

I-

orange survey flags.

Photograph 18 - Unit SG-7 location. View is
westward towards TA-III.

The soil gauges are constructed
with two 3/8-inch diameter

threaded steel rods and a 1.07 meter (3.5 feet) length of common steel angle brace. The
steel rods were hammered into the ground until secure approximately 100 centimeters
(cm) apart. A nut/washer combination was then threaded onto each rod to an arbitrary
average distance of about 15 cm above the ground surface. Next, through the pre-drilled
holes, the angle brace was placed atop the nut/washer, which forms the platform for the
brace. A second nut/washer combination was threaded down to the top of the angle brace
to hold it in place. Finally, the angle brace was leveled and the nuts tightened to prevent
movement of the brace. Photograph 17 shows the upright steel rods and the leveling of
the angle
brace for Unit SG-6. Extreme care was taken not to disturb the soil or vegetation upgradient ofthe soil gauge unit during construction and data collection. Disturbance of
either could affect the previously established overland flow pattern possibly, resulting in

-

compromised data.
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Once construction was completed, the angle brace was calibrated across the top at 10-cm
intervals for a total distance of 100 cm ( 1 meter). The metal was scored with a knife at
each interval, and then labeled with a red indelible marker. Finally, each unit was labeled
with the name of the project, SNL/NM contact and phone number, and the soil gauge
number (1-7). Each of these simple devices serves as a stable platform or benchmark
from which fluctuating soil levels can be measured for erosion (soil loss) or aggradation
(soil deposition). For inclusion on Plate 1, the coordinates for each soil gauge were
determined by means of a Trimble ag132 Global Positioning Satellite (GPS) unit utilizing
the Omnistar real-time correction subscription. The Trimble GPS unit has an error of +/2.2 feet.
The soil gauge units were completed on July 31, 1998; data collection began the same
day. Prior to collecting data each time, the soil gauge was checked with a level to ensure
that the integrity of the gauge as a benchmark had not been compromised (e.g. the unit

•

had not been moved). Individual data points were acquired by measuring down from the
soil gauge to the ground surface at the designated intervals along the brace. Based upon
field experience (repetition of data measurements), the approximate error in
measurements was +/- 1.0 millimeter. Each soil gauge unit's data points were then
entered into a Microsoft Excel spreadsheet and graphically displayed to form a
representation of the soil profile. Data collection continued on a weekly basis until
October 2, 1998. Unfortunately, due to the timing of the start of this portion of the
watershed assessment, a major portion of the summer monsoon season had already
passed, and the resulting soil movement was not measured.

The soil profiles for the first week, July 31, 1998, and the last week, October 2, 1998,
were combined onto a single graph and compared to discern soil loss (or gain). The span
of time represents nine weeks, which was adequate to observe change in the profile, but
insufficient to extrapolate a reliable rate of change. Appendix C of this report contains
the combined soil profiles for each of the seven soil gauge units. The initial soil profile

•

(July 31, 1998) is shaded blue and overlaid onto the profile for October 2, 1998, shaded
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red. Therefore, the red areas of the graph indicate where soil loss occurred and the blue
areas where soil aggradation or no change occurred.

The areas of soil loss are small with two exceptions. The graph for Unit SG-5 shows a
large area of loss on the right side. This can be attributed to side collapse of a small rill,
which had developed on the edge of the soil profile. Unit SG-6, the second exception,
does illustrate a clear trend of
erosion. This unit was placed
adjacent to Coyote Springs Road
(Photograph 17) in an area
troubled with frequent headcutting of a drainage channel into
the road. The drainage channel
has developed in this location due

•

to the high volume of runoff from
the road during high intensity
rainfall events. Photograph 19
exemplifies the amount of runoff

Photograph 19 - Storm water runoff, Coyote
Springs Road near Unit SG-6.

generated immediately adjacent to
Unit SG-6 vicinity from a short duration « 15 minutes), moderate intensity storm, which
occurred in the area on July 22, 1998. Since this area does receive a much higher volume
of water, erosion rates are more rapid, and the soil loss, as illustrated in the Unit SG-6
graph.

Generally, the experiment is beginning to show signs of success for measuring soil loss in
the field. Comparison of data over the nine-week interval indicates trends of soil loss and
gain developing at all the units, as exhibited by the graphs presented in Appendix C.
However, overall the interval oftime has been too short, and the results too slight to have
the confidence in the results necessary for reliable extrapolations.

•
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3.4 Aerial Photograph Analysis
Since vegetation cover is an integral
component of soil loss and erosion rates, a
brief, qualitative comparison was
performed of the vegetation density found
on KAFB, including the Arroyo del
Coyote watershed, and Isleta Pueblo
lands, which border the KAFB boundary
on the west and south. The foundation of
the spatial comparison is a 1994 aerial
photograph with a scale of 1:36,000
(Koogle & Pouls Engineering, 1994).
Photograph 20 (oriented with north
toward the top of the page) shows a

•

portion of the aerial photograph including
the southwest corner ofKAFB, which
appears as the darker contrast area in the
upper right-hand corner. The large lightcolored area in the center ofthe photograph

Photograph 20 - Aerial photograph,
southwest corner ofKAFB, New
Mexico, 1994.

represents a gravel mining operation on Isleta Pueblo lands.

Isleta Pueblo lands border KAFB on the west and south, and have a lighter color than
KAFB land. The disparity in coloration is especially evident along the north/south fence
line between the two properties. The contrast is indicative of the basal, light-colored soil
reflecting more light due to a lower vegetation density on Isleta Pueblo land. In
comparison, land on the KAFB side of the fence has a darker color because the higher
vegetation density obscures more of the underlying soil color. The difference lies in the
land-use disparity between KAFB and Isleta Pueblo. Isleta Pueblo allows livestock
grazing on their lands, which has removed a substantial portion of native grass cover

•

protecting the soil. In comparison, the area within the confmes of KAFB has not been
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used for grazing purposes since the base was established in the mid-1940s. Therefore,
the native grasses haven't been stressed by the effects of grazing.

Pinon-juniper woodlands are extensive throughout the semi-arid southwestern states.
Their distribution and density has been influenced by climatic fluctuations over the past
12,000 years, but the increase in pinon-juniper woodlands over the past 100 years has
been unprecedented (Wilcox et. ai., 1996). Different explanations for the dramatic
increase in range have been postulated, and include overgrazing, fire suppression, and
climate change. The pinon-juniper woodlands within the boundaries ofKAFB have not
been affected by livestock grazing, but are affected by the other two conditions.

Aerial photographs were analyzed to determine if this phenomenon is occurring in the
Arroyo del Coyote watershed. Photographs from the U.S. Geological Survey for the year
1951 were compared to those taken by Koogle & Pouls Engineering for 1992; a span of
•

41 years. A stereoscopic coverage of an area common to both flight lines corresponded
with an area in Zone 2 of the watershed. Pinon-juniper trees within the same small
drainage were counted for both years. The qualitative survey results indicated an 18%
increase in the pinon-juniper population for the area.

An important reason for concern about the encroachment of pinon-juniper woodlands is

the resulting decline of the understory (grass) vegetation and loss of biodiversity. These
trees have an extensive lateral root system, which enables them to out-compete other
herbaceous species for precious water and mineral resources. As the understory canopy
decreases, soil erosion increases, because of the lack of adequate protection from
raindrop detachment (see discussion of Sites 15 and 16 in Section 3.1).

•
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4.0

Watershed Issues and Evaluation

4.1 General Land Health
Lands within the boundaries of the Arroyo del Coyote watershed were assessed regarding
their "state of health" based upon the historic data provided by SNLINM, empirical
results generated from the project studies outlined in Section 3.0, and general qualitative
observations made from numerous field visits into the watershed during the term ofthis
project. The basic idea of "land health" and what constitutes good land or resource
management practices on a watershed basis first need defmition to be utilized and
integrated successfully as a component of an overall watershed resource management
plan.

Aldo Leopold is first credited with recognizing that land health is comprised of many
different basic watershed elements (biotic community, water resources, soils, etc.) and is
dependent upon applied management practices, which are predicated on an underlying

•

land ethic. Graduating from Yale University with a master in forestry degree in 1909,
Leopold spent much of his career working for the U.S. Forest Service, Southwestern
District, which encompassed the new Arizona and New Mexico territories. At his death
in 1948, he was best known as the leader in wildlife management, and as a forester is
regarded as the father of the national forest wilderness system. With the publication of
his experience, Leopold developed his "land ethic" philosophy, which was best described
in his book, A Sand County Almanac (1949). Leopold (1949) stated: "A thing [action,
plan, etc.] is right when it tends to preserve the integrity, stability, and beauty of the
biotic community. It is wrong when it tends otherwise". In a subsequent review of
Leopold's land ethic, Flader (1995) identified three basic land health concepts: integrity,
stability, and beauty. Flader defmed integrity as "...referring to the wholeness or
diversity of the community: the precept to retain or restore, insofar as possible, all
species still extant that evolved together in a particular biota".

During his earlier days as a range manager, Leopold was involved in the eradication of

•

wolves, mountain lions, and coyotes from grassland ranges in the southwest that were
slated for cattle grazing. Later in his life, he talked about his regrets for being involved
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with this practice. He recognized that all species, which naturally had evolved in concert,
had a place in maintaining the "biotic health' of a watershed. All components of a
healthy watershed are dependent upon each other, in natural balance, to maintain the
success ofthe watershed. One species cannot be removed (e.g., primary carnivores)
without adversely affecting another integral part ofthe system. Leopold had an
opportunity to observe a virgin biotic community in the Sierra Madre of Mexico, and
found that, in the presence of the carnivores he had helped to eradicate in the United
States, deer and other prey of these animals thrived. He realized it was not necessary to
remove a species to improve a watershed's health, but rather it was necessary to preserve
diversity in order to achieve the goal of health. It is this idea that the characteristic of
integrity is meant to convey.

Leopold's second concept, stability, is described as "...embodying the concept ofland
health: the precept to maintain or restore an adequately complex structure in the biotic

•

pyramid, so that the community has the capacity for sustained functioning and selfrenewal" (Flader 1995). The "biotic pyramid" mentioned in the defInition refers to
Leopold's idea that every species present in a healthy watershed has a role in maintaining
the health or stability (long-term sustainability) of the watershed. The biotic pyramid
would include such basic elements as soil, plants, and animals. Within the animal
element, further subdivisions would include herbivores, omnivores, and the large
carnivores at the top of the pyramid. Without considering long-term stability no
watershed management policy or plan will be able to sustain a comfortable level of land
health. Some rate of degradation ofthe ecosystem will eventually return.

The [mal fundamental component comprising a land ethic and sustainable watershed
health is the element of beauty. This concept is recognized as the driving force or motive
to restore the natural condition to the watershed. Flader (1995) defInes it as "...the
motive power of the [land] ethic: the precept to manage for values going beyond the
merely economic - and, probably also, an allowance for the subjective tastes of the

•

individual" (Flader 1995). Both Leopold (1949) and Flader (1995), in their discussions
of the three basic tenets, point out that each is interrelated. Leopold articulated this
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relationship in 1938 in an unpublished writing titled "Economics Philosophy, and Land"
by stating: "We may postulate that the most complex biota [diversity] is the most
beautiful. I think there is much evidence that it is also the most useful. Certainly it is the
most permanent, i.e. durable [stability]. Hence there is little or no distinction between
esthetics [beauty] and utility in respect of biotic objective". With regard to watershed
rehabilitation projects, beauty/esthetics is the most important aspect from a public
acceptance perspective. It is far easier to identify funding and implement a plan if the
public views the project as esthetically desirable.

Conditions in the Arroyo del Coyote watershed were assessed within the context of land
health, as qualified above. When this perspective is applied, certain problems become
apparent. That necessary activities taking place in the watershed today (as well as some
historical activities) can be destructive and cause degradation is inarguable. However,
the work being performed is crucial to the fulfillment of the missions of the agencies

•

involved, and is the primary reason the acreage was withdrawn. Watershed land health
was evaluated with the basic premise that these activities must continue. However,
resource management practices could be applied that would mitigate in part or wholly the
degradation presently inflicted.

Conditions were identified within Arroyo del Coyote watershed that cause watershed
land health to degrade. Existing and potential problems can be classified into three
different categories. They include: 1) water quality impacts to both ground and surface
waters; 2) accelerated soil loss/erosion from denuded sites resulting from development
(including roads); and 3) miscellaneous, non-hazardous solid waste, which consists of
remnants of former tests, military operations, and abandoned facilities. When combined,
these activities can result in a myriad of consequences that are responsible for watershed
degradation effects (sediment loading, local water table decline, contaminated ground
water, etc.).

•
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4.2 Water Quality
Water quality within a watershed is connected to the health ofthe land. For example, if
the ground water becomes contaminated as a result of a high density of septic systems,
then the ecosystem has exceeded its sustainable capacity, and the overall health is
diminished. In order to regain a healthy watershed system and protect the water quality,
changes must be implemented.

Protecting surface and ground water quality is a major focus for DOE, SNLINM and the
NMED, and is perhaps the most important Arroyo del Coyote watershed issue facing
these agencies today. Past field-testing involving radioactive materials, explosives,
rocket motors, munitions, and petroleum fuels has created a potential for contamination
of ground water. Consequently, certain compounds or COCs could pose a future threat to
ground and surface water.

•

SNLINM has categorized impacted sites and included them into their ER Project. A
summary ofthese ER sites was included in Section 2.9 and the general locations are
provided (areas in green) on Plate 1. Surface water quality also can be affected by
sediment eroded from the land by storm water runoff. The issue of soil loss is discussed
in Section 4.3.

Water quality in Arroyo del Coyote has been impacted by a somewhat unique use of the
land. Scientific research in support of the nation's defense has been the primary activity
since the 1940s, which has caused impacts and could potentially result in additional
impacts. For these reasons, and to gain critical information prior to, during, and after site
restoration, SNLINM has established a sampling program, which periodically collects
ground water samples from monitor wells and springs, and surface water samples from
storm water runoff. In addition, the NMED collects ground water and surface water
samples to facilitate data validation.

4.2.1 Surface Water

•

A network of surface water sampling devices has been established above and below the
Lurance Canyon Burn Site. Samples are collected at various periods after a rainfall
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event. A review of the laboratory results for the period June 1997 through November
1997 was performed as a part of this study. Samples were analyzed for a variety of
COCs, including the eight Resource Conservation and Recovery Act (RCRA) metals
(arsenic, barium, cadmium, chromium, lead, mercury, selenium, and silver), beryllium,
anions, nitrate, nitrite, explosives compounds, total petroleum hydrocarbons (TPH),
SVOCs, and total suspended solids (TSS) (primarily soil particles). Analyses were
performed to quantify the concentrations of each of the analytes listed above. According
to SNLINM (1997), no samples were found to contain concentrations ofRCRA metals,
anions, nitrate, nitrite, explosives, or SVOCs in excess of the regulatory reporting
standards. Laboratory results did indicate the presence of bromide (0.153 milligrams per
liter {mg/L}), phosphate (0.06, 0.04, and 0.07 mg/L), and TPH (0.288 mg/l) in some of
the samples. TSS concentrations in storm water samples ranged from 1,660 to 60,200
mg/L. Presently, the State ofNew Mexico does not have numeric standards for bromide,
phosphate, TPH, or TSS in surface water, however certain "narrative" standards that are

•

more qualitative in nature may apply. It is likely that standards for these and other
compounds may also be stipulated in a National Pollutant Discharge Elimination System
(NPDES) permit if one existed for the watershed. However, no NPDES permit has been
issued, which relates to Arroyo del Coyote.

A general scan for radioisotopes was also performed by means of a gamma
spectrophotometer, as well as specific isotopic analyses for thorium-228, 230, and 232;
uranium-233/234, 235, and 238; and strontium-90 (SNLINM laboratory sample results
for the period June 1997 through November 1997). During this time period, gamma
spectrophotometer analyses were performed twice. The June 27, 1997, laboratory results
indicated that no radioisotopes were identified that exceeded the two standard deviation
limit for that sample analysis. The two standard deviation limit represents a 95 percent
confidence that the variance is no greater than two standard deviations from the activity
reported. Data, which exceeds the two standard deviation limit, is considered to be
unreliable and not valid (the original laboratory reporting sheets for the July 28, 1997,

•

sampling event had not been located prior to completion of this report; therefore, the
results could not be interpreted).
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Six specific radioisotopic laboratory analyses were performed on storm water samples
collected on June 27, July 11, August 5, August 22, September 16, and October 6, 1997.
The laboratory results showed eight instances in which various radiological species
exceeded the two standard deviation limit for the corresponding analytical events. With
the exception of thorium-23 0 (no ground water standard established), each of these
values then was compared to the regulatory activities in ground water for these
constituents at SNLINM and KAFB (presently, there are no regulatory-established levels
of activity at SNLINM or KAFB for these radiological constituents in storm water or
surface water.) None ofthe sample activity levels exceeded the established background
activity levels in ground water. Thorium-230 activity levels were compared to the
maximum drinking water standard for this radiological constituent (12 picocuries per liter
[pC ilL]) that was established by the EPA in the Primary Drinking Water Regulations, 40
Code of Federal Regulations (CFR) 141.15, 141.16, and subsequent amendments. None

•

of the sample activity levels for thorium-230 exceeded the regulatory activity leveL

4.2.2 Ground Water
Ground water geochemistry in Arroyo del Coyote has been addressed in several reports
(Moats et. aL, 1998; SNLINM, 1996b, 1996c, 1996d). It is beyond the scope of this
project to further elaborate on the observations and fmdings by these authors. The reader
is directed to the original publications for detailed information regarding ground water
geochemistry. Rather, it is the intention of this study to focus on any COC impacts to
ground water that may have been identified through various recent sampling events. This
report briefly summarizes these results.

Ground water samples have been collected and analyzed from various wells and springs
situated in the central portions of Zones 1 and 2, primarily in Lurance and Sol se Mete
Canyons, and the Arroyo del Coyote. The most recently installed monitor well, CYN
MW-1D, was completed in December 1997, down-gradient (west) ofthe Lurance
Canyon Burn Site approximately 2,500 feet. Quarterly ground water sampling from

•

CYN MW-1D began in April 1998, and included laboratory analysis ofa variety of
organic and inorganic analytes, including volatile organic compounds (benzene, toluene,
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ethylbenzene, and total xylenes [BTEX]), SVOCs, RCRA metals, and nitrates. Results of
the April and June 1998 sampling events indicated that low concentrations, below the
New Mexico Water Quality Control Commission (WQCC) standards for ground water, of
petroleum hydrocarbons (BTEX and SVOCs) and nitrate were present. With the
exception of nitrate, no inorganic compounds or metals exceeded WQCC standards.
Nitrate was quantified at 11 milligrams per liter (mg/L); the WQCC maximum
contaminant standard is 10 mg/L. The June 1998 laboratory results for nitrate were
invalid due to a procedural error during sampling. Nitrate is still being analyzed
quarterly, but the most recent results were not yet available. The SNLINM fiscal year
1999 budget includes funds for the drilling and completion of additional ground water
monitor wells in the Lurance Canyon Bum Site area. The exact locations have not yet
been determined.

The Lurance Canyon Bum Site production well, located on the east side of the facility,

•

was sampled in October 1997, and analyzed for nitrate, high explosive compounds, total
dissolved solids, and major anions (calcium carbonate, calcium, chloride, fluoride, iron,
magnesium, potassium, sodium, and sulfate). All analytes were quantified below WQCC
maximum contaminant standards or were non-detect except for nitrate, which was present
at 23.2 mg/L.

Springs in the Arroyo del Coyote watershed are also periodically sampled. Moving
down-gradient in the watershed, they include the Burn Site Spring, Sol se Mete Spring,
Deer Spring, Coyote Springs, Cattail Spring, Homestead Spring, and G Spring. With the
exception of Sol se Mete Spring, all are situated along the main stem of Arroyo del
Coyote.

In May 1998, three of these natural springs, Burn Site Spring, Deer Spring, and G Spring,
were sampled for a variety of COCs. The Burn Site Spring water sample was analyzed
for nitrate, metals, and anions. Laboratory results indicated that all these analytes from
Bum Site Spring and Deer Spring were below WQCC maximum contaminant standards
•

or were non-detect.

Page 75

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

•

The water sample from Deer Spring also was analyzed for VOCs, and radionuclides. All
results for VOCs were below regulatory standards. Results of the radioisotopic analyses
yielded quantifiable activity levels for the following species: bismuth-214 and lead-214.
For this sampling event, the two standard deviation limits for lead-214 and bismuth-214
were 3.37 x 10-4 pCilL and 3.69 x 10-4 pCilL, respectively. Lead-214 was quantified at
0.213 x 10-4 pCiIL, and for bismuth-214 the analysis yielded a value of 0.199 x 10-4
pCilL. There are no NMED activity background levels established for either of these
radioisotopes.

G Spring water sample analyses included nitrate, metals, anions, VOCs, and
radionuclides. All results for nitrate and VOCs were below regulatory standards. Iron
was quantified at 2.7 mg/L, which exceeds the WQCC standard of 1.0 mg/L. Iron is a
naturally occurring element commonly found in surface and ground water. Analyses

•

indicated that chloride was present at 600 mg/L, which is in excess of the WQCC
standard of250 mg/L. Chloride is a naturally occurring anion, and concentrations of this
amount in a semi-arid environment are not unusuaL Activity levels for some
radiological constituents were determined at G Spring. Similar to Deer Spring, lead-214
and bismuth-214 were detected. For this sampling event, the two standard deviation
limits for lead-214 and bismuth-214 were 7.78 x 10-5 pCilL and 8.78 x 10-5 pCi/L,
respectively. Lead-214 was quantified at 0.289 x 10-5 pCiIL, and for bismuth-214 the
analysis yielded a value of 0.283 x 10-5 pCilL.

VOCs and nitrates in the Arroyo del Coyote watershed have impacted ground water
relative to WQCC standards. Concentrations ofVOCs in the groundwater are likely the
result of various tests, which involved petroleum-based fuels. However, it remains to be
determined whether nitrates are the result of anthropogenic activities or a naturally
occurring condition.

•
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4.3 Runoff and Soil Erosion
Excessive soil loss resulting from human activities is a prominent problem, which
detracts from the overall land health in Arroyo del Coyote watershed. Moderate- to highintensity, short duration rainfall events are characteristic of the bulk of annual watershed
precipitation. The rate of soil loss exceeds the production capacity of new soil formation
in some areas of the Arroyo del Coyote watershed, as demonstrated in Table 2. Soil loss
is the outcome of the natural process of erosion; soil particle detachment and transport.
When the natural rate of soil loss is augmented by anthropogenic activities, then steps
must be taken to manage those activities in an environmentally cognizant manner in order
to achieve a more sustainable rate.

As described in Section 3.1, soil erosion is affected by a number of parameters such as
rainfall volume, intensity, and duration; soil type; slope gradient and length; and
vegetation type and density. Of all of these, only the factors involving vegetation are

•

most likely to be manipulated or affected by human activities. Therefore, vegetative
cover is one ofthe most important factors when considering loss of soil from a watershed
due to human impacts. When ground cover (vegetation) is removed for the benefit of site
maintenance, construction of new facilities, road building, or field-oriented research
projects, soil becomes more susceptible to erosion. Initially, interception of rainfall by
the vegetation canopy reduces the amount of energy imparted to soil particles from
raindrops. The vegetation canopy also acts as a reservoir to store a portion of the
precipitation volume, thereby reducing the total volume of water available for runoff and
accompanying erosion. Subsequently, vegetation can reduce the rate at which water
moves down a slope by means of overland flow, allowing more opportunity for
infiltration into the soil. With less kinetic energy available for transport of soil particles,
the overall erosive potential of runoff is diminished. Roots hold soil particles together,
preventing the formation of rills.

Erosion rates can also increase if the vegetative cover type is substantially altered as with

•

the incursion of pifion-juniper woodlands. Natural or anthropogenic conditions or a
combination of both factors can induce this type of change.
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Different forms of water erosion exist, and can be observed in the Arroyo del Coyote
watershed. Sheet erosion begins on slopes where there are no established drainage
channels and the vegetation ground cover is sparse or nonexistent. Since water is not
contained by a well developed channel, runoff generated from these types of slopes will
form a broad, shallow "sheet" as it moves down the slope until a gully or rill intercepts it.
Photograph 19 illustrates sheet erosion as it occurs across the Coyote Springs Road.

The effects of sheet erosion can
also be observed in the formation
of soil pedestals on a slope
(Photograph 21). Pedestals form
as a result of differential erosion
rates. Kinetic energy imparted to
the soil from raindrops is

•

responsible for detachment of
individual particles. Once
loosened, the soil particles are
transported with the flow of water
as sheet erosion. Soil protected by

Photograph 21- Soil pedestals downhill/rom
Coyote Springs Road, Zone 2.

vegetation from the action of
raindrops and bound by roots remains intact. Eventually, as the unprotected soil
surrounding the vegetated areas washes away, the protected areas will begin to emerge as
highs or pedestals. In Photograph 21, soil pedestals have formed around the protective
cover of grass plants.

Rill erosion is the form of water erosion that produces the greatest volume of soil loss
worldwide (Brooks et. aI., 1997). These are the fIrst and smallest channels to form in an
area. As the runoff becomes concentrated in these channels, the velocity, turbulence, and
mass ofthe suspended soil load also increase. This raises the erosive capability of the

•

runoff to dislodge and transport larger soil particles, which can lead to the next higher
order form of water erosion -- gullies.
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Gullies are relatively deep channels that will form on both valley slopes or bottoms where
high energy, abrasive runoff is generated. According to Brooks et. al. (1997), a gully will
develop at a "nickpoint", which is a point in the channel where an abrupt change in the
gradient and elevation occur in conjunction with a lack of protective covering. The
protective covering can be vegetation or rock. The fall of runoff over the nickpoint
concentrates the effects of increased kinetic energy at the base of the point and causes it
to be undermined and eventually to collapse. The continual process of undermining and
collapse forces the nickpoint to migrate uphill, in a mechanical process referred to as
"headcutting". While the headcut migrates uphill, the force of falling water dislodges
soil particles below the nickpoint and transports them downhill, which eventually
lengthens and deepens the gully in the downhill direction by means of a second process
called downcutting.

Gullies often represent nature's

•

relatively rapid response to a
change in the environment caused
by various human-induced
conditions. For example,
Photograph 22 exhibits a gully
which has formed in the drainage
between the two hillsides burned
during the 1989 fIre in Madera
Canyon (Photograph 14). This
gully has rapidly downcut through
the relatively soft sediments
deposited in the stream channel
prior to the fIre. After the fIre
destroyed all the protective

•

vegetative cover, the runoff

Photograph 22 - Gully formation at burn area in
lower Madera Canyon. Note juniper roots
suspended across gully.
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generated on the burned slopes

•

increased dramatically over a short period of time. This upset the dynamic equilibrium of
the fluvial system, and evoked a response in the channel to accommodate the increase in
storm water volume and kinetic energy. The response was rapid and resulted in gully
erosion. Evidence of the relatively short time period for development of the gully can be
observed by the way that juniper roots have become suspended across the channel. These
roots originally grew in soil beneath the once shallow drainage. However, with the onset
of gully development, the supporting soil around the roots was quickly washed away and
transported downhill. Therefore, the gully must be younger than the affected juniper
trees adjacent to the channel. It is hypothesized that this rapid period of downcutting is a
recent condition, resulting from the 1989 fire.

Gullying can also affect the local water table. The bed of a gully (or arroyo) represents
the local base level for water, draining the surrounding soil. As the bed of the channel is
lowered, the level of ground water in the adjacent soil will also drop. Plants which

•

evolved within a relatively stable ecosystem (slow change) that have slow growing roots,
or with root systems unable to grow to greater depths, will eventually die out. A good
example oftms process can be observed along the Rio Puerco near Cabezon Peak. A
once thriving population of cottonwood trees has died out as a result of the rapid
lowering ofthe river channel (eighty feet in less than 100 years). The non-indigenous
salt cedar or tamarisk tree has now replaced the cottonwood tree population.

Within the Arroyo del Coyote watershed, gully development is not restricted to areas that
have undergone massive vegetation loss from fire. The placement and construction of
roads without proper planning for and management of runoff can also lead to gully
formation. A gully has formed adjacent to Coyote Springs Road where it intersects the
drainage from Sol se Mete Canyon. Gully formation has been in response to increased
runoff from the road and an increase in the elevation difference between the uphill side of
the road and the downhill side due to road construction. After moderate to heavy rainfall
events, headcutting of the gully into the road becomes problematic and is a constant

•

source of costly road maintenance. Photograph 23 illustrates the effect of headcutting at
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this location after a moderate
intensity rainstorm the previous
day. Massive soil loss and
collapse of the road bank are
consequences of poor runoff
management.

Within the last fifty years, the
watershed has experienced
additional secondary road building
activity into previously undisturbed
portions. New roads have been

Photograph 23 - Active headcutting ofgully
alon/! Coyote Sprin/!s Road in Zone 1.

constructed by the DOD and DOE
to allow access for security patrols, as well as general access to install and service
communications and test equipment. In addition, existing roads have been widened to
•

accommodate larger vehicles. Gully formation and soil loss from steeper secondary
roads in Zone 1 are especially problematic. Photograph 24 exemplifies the severity of
gully formation on a stretch of road
in Zone 1. In these areas, the
gradient is markedly greater than
those found along Coyote Springs
Road, and the uninterrupted slope
lengths are longer. Combined,
these two characteristics translate
into a higher potential soil loss
yield as predicted by the MUSLE
equation due primarily to the

Photograph 24 - Gullyformation on
secondary road in Zone 1.

increased length/slope (LS) factor
(Table 2). Additionally, because

there are no control structures built to address volume and velocity of runoff, water flows
•

unimpeded as it is channeled directly down the fall line ofthe roads.
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The current restoration solution is to bulldoze the road periodically. This solution is
temporary and short-term, because it treats the symptom, not the problem. Bulldozing
augments the erosion process by making more loose soil available. Unfortunately, gullies
begin to form again soon after the next precipitation event, and wash away the newly
loosened soil. Implementation of any solution should focus directly on the problem,
which is diverting the volume and kinetic energy of runoff from the road.

In general, roads and trails are primary sources of sediment runoff from sheet erosion and
gullies on all federal lands (USFS, 1998). Within Arroyo del Coyote, there are
approximately 84 miles of roads. The majority of the acreage within the Arroyo del
Coyote watershed lies in the withdrawn parcel, which still belongs to the USFS.
However, road construction and maintenance within the withdrawn acreage is outside the
jurisdiction of the USFS. The responsibility for roads in the withdrawn parcel lies with
the DOE and DOD. Although the USFS has standards for road maintenance that include

•

practices for reducing erosion and protecting water resources, these standards have not
been applied to roads in the Arroyo del Coyote watershed. According to the CWAP
(USEPA and USDA, 1997), the environmental ramifications to the watershed from
poorly managed forest roads must be addressed. For example, pursuant to the CWAP,
the USFS has been tasked with the decommissioning or obliteration of 5,000 existing
miles of forest road nation-wide by the year 2002 in an effort to reduce roads as a major
source of sediment.

Stream channel erosion is another form of soil loss evident within the watershed, and
consists of soil removal from stream banks and/or sediment scour of the streambed (Gray
and Leiser, 1982). Generally, this process is a natural indication of stream morphology
evolution. Streams are in a state of dynamic equilibrium in which meandering and
migrating channels, and aggrading/degrading beds are normal. However, as with other
erosion processes, anthropogenic impacts can interfere with one or more of the variables
(stream discharge, sediment discharge, depth of flow, channel width, channel shape,

•

valley slope, and sinuosity) that control the fluvial process, upsetting the natural state of
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flux. Consequently, this can induce a different response or accelerate the time in which
an otherwise natural response would occur.

In Photograph 25, channel bank collapse (right foreground) occurs on a portion of the
arroyo immediately adjacent to and below the roadbed (bottom foreground). In this case,
increased runoff generated from
the road is channeled into the
arroyo, disrupting the system
equilibrium. Due to the steep
gradient of the bank, precipitation
runoff flowing into the arroyo
generates a high-energy regime.
In order to accommodate the new
environment, the channel begins

•

to widen in an attempt to return to
a more stable condition. Once the
energy is dissipated in a wider

Photograph 25 - Bank erosion along arroyo
above the Lurance Canyon Burn Site, Zone 1.

channel with lower gradient, soil
eroded from the bank is deposited. Over time, the channel will become wider and
shallower until a state of dynamic equilibrium is once again attained.

The last form of soil erosion is referred to as mass wasting, which can occur anywhere
steep slopes and loosely consolidated materials are encountered. The presence of water
in the slope also acts as a crucial element by both increasing the driving forces and
reducing the resistance to flow (friction) (Gray and Leiser, 1982). Landslides, mudslides,
debris flows, and soil creep or slump all represent variations of mass wasting.

Photograph 26 illustrates the effects of mass wasting in a disturbed area of Zone 2. At
one time, gravel and/or sand was excavated from the area (the exact date of operations is
unknown). The eventual result of the excavation activities was slope destabilization.
•

When the original vegetated slope was removed, protection of the loosely consolidated
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soil from the effects of rainfall and
runoffwas lost. Without the
binding support of root systems,
and with more water available,
structural support of the slope is
compromised, and mass wasting
begins, causing massive and
relatively rapid soil removal from
the slope in the form of large slump
blocks. One such slump block is
pictured in the center of Photograph
26, below the rim of the slope
(shadowed area). The relative rapid
loss of soil can be measured in

•

terms of the juniper tree roots,
which have become exposed to the
surface as a result of the mass
Photograph 26 - Mass wasting of hillslope,
Zone 2.

wasting process. These roots had
originally grounded in the soil.

4.4 Solid Waste
The legacy of activity since the mid-1940s throughout the Arroyo del Coyote watershed
consists principally of various types of non-hazardous solid waste (trash, litter, etc.).
Classified as non-hazardous, this material could be removed with absolutely no impact to
on-going restoration tasks and activities at the numerous ER sites and military operations.
Both the DOE and DOD share in the responsibility for the remnant debris littered
throughout all zones of the watershed.

Debris consists of spent shell casings, exploded ordnance, steel cables and wire, faded
signs and metal posts, cans and bottles, and construction debris. Since the trash is non•

hazardous, it could be removed immediately and in a relatively short period of time. In
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some limited areas where UXO is still a concern, the cost involved with cleanup would
be greater. An integrated approach to solid waste clean up and removal could be
established between the DOE and DOD, in which each agency could contribute a share of
the restoration funds and personnel needed to complete the project. Cost of such an effort
compared to contaminated soil and ground water restoration would be minimal, and
would have an immediate impact on restoring general watershed health from the aspect
of aesthetics.

4.5 Positive Land Health Conditions
The Arroyo del Coyote watershed evaluation would not be complete ifthose conditions
which reflect an improvement in the general health of the land within the watershed were
not also taken into account, discussed, and compared to areas outside the watershed
boundaries. When the KAFB, including the USFS withdrawn parcel, was established, the
boundaries were fenced and public access was restricted. This meant that the practice of

•

domestic grazing on these federal lands was halted. Since then (mid-l 940s) the native
vegetation has had the opportunity to recover to a more natural, diverse, and stable
condition.

Overgrazing by domestic livestock in the arid southwestern United States has serious
ramifications relative to a healthy biotic community and other watershed resources. The
effects are so severe because they are multi-faceted and wide-ranging. More than 30
percent forage removal in the arid southwest will result in permanent destruction of
vegetation according to Holechek (1991). Forage plants cannot recover fast enough
because of the growth limitation placed on vegetation by the lack of precipitation. This
in turn causes a reduction in the overall vegetative cover, and replacement of desirable
native grasses with less desirable, fast-rooting plants such as snakeweed, which offers
less effective erosion control. Since cattle and sheep avoid snakeweed, the condition is
exacerbated. Eventually, the ecosystem consists of one dominant species, and
biodiversity suffers.

•
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Further damage has been inflicted upon overgrazed watersheds as the domestic herd
populations have been mismanaged, mostly through ignorance, and their numbers have
exceeded a sustainable limit. The native grasses may be depleted due to the pressure from
overgrazing, the trampling action of hooves on regenerating grass plants, and the lack of
ample non-grazing time to restore the population. This has led to an increase in soil
erosion, and subsequent decrease in stream water quality as the sediment and nutrient
loads have increased. Without the protective cover of plants, the kinetic energy from
precipitation events directly impacts the soil surface. As the soil particles become
dislodged, they are carried away by the process of overland flow or sheet erosion, and
washed into surface streams. Additionally, a greater volume of water is available for
runoff, because interception by plants is greatly reduced. This in turn aids in rill creation
and the headward migration of gullies and arroyos, which further increases sediment
loading to streams. Hence, overgrazed lands contribute significantly to surface water
sediment pollution.

•

Arroyo del Coyote grasslands have recovered from any ill effects of grazing prior to the
1940s. The diversity, density, and
health of native grasses is well
established within the watershed,
and is illustrated in Photograph 3
(Section2.0). A visual comparison
with two ranges in northern New
Mexico illustrates some of the
effects of grazing discussed above.
Photograph 27 shows a perennial
grazing pasture near Abiquiu,
New Mexico. Native grass is

Photograph 27 - Grazed rangeland, Abiquiu
Creek watershetl

much sparser, and has been
cropped by grazing livestock, severely reducing its capacity for rainfall interception and

•

protection of the soil against raindrop detachment. Snakeweed population is also on the
rIse.
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Photograph 28 shows similar
degradation effects as those in the
photograph above, but lies
approximately 60 miles southwest
of Abiquiu, along the Rio Puerco.
Here native grasses have been
almost completely removed by
overgrazing. Through the intense
hoof action of the cattle, newly
developing grass plants are
trampled and the soft sediment
Photograph 28 - Land degradation, La Canada
Santiago watershed.

loosened, making it extremely
vulnerable to erosion.

•

Without the isolation and protection from overgrazing, the Arroyo del Coyote watershed
could have suffered a loss of its natural animal biodiversity as well. For example, in
some New Mexico watersheds, the large carnivores (cougars, bear, and coyotes) were
trapped, hunted, and poisoned to numbers so low compared to their natural populations
that they are no longer a major factor. This allowed for fewer livestock losses and the
number of domesticated grazers increased. They eventually pushed the natural grazers
(deer and elk) into ever-higher pastures where grass was not as abundant and the winters
more severe. Deer and elk populations decreased as the domesticated herds increased.

The once lush native grasslands also were home to a variety of animals (rodents, reptiles,
etc.) and insect species, which can no longer find suitable habitat in the remaining
depleted grass habitat. As the small prey populations drop off, animal species such as
hawks and eagles also begin to disappear in search of habitats with a higher prey density.
Wilson (1992) stated in his article, The Diversity ofLife, that we "...only [have] a vague
idea of how ecosystems work, it is reckless to suppose that biodiversity can be
•

diminished indefinitely without threatening humanity itself. Field studies show that as
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biodiversity is reduced, so is the quality of the services provided by ecosystems".
Examples of services are genetic diversity, which keeps species strong and healthy, and
protection from pests, which run rampant when natural predators are eliminated from the
ecosystem.

Undoubtedly, the consequences of protecting the watershed from the effects of
overgrazing were not the goal of the DOD or DOE. Nonetheless, the effects have been
positive for the overall health of the watershed. The resultant biotic complexity in
Arroyo del Coyote today aids in the overall stability of the watershed community, and, in
Aldo Leopold's subjective opinion, fulfills the desire for aesthetic quality.

The DOE and SNL/NM are also creating positive changes within the Arroyo del Coyote
watershed that are intentional, and geared toward addressing the legacy of wastes left
behind after decades of research
and testing. The current restoration
•

at ER Site 16 (Photograph 13) is
one example of the ongoing efforts
sponsored by DOE and SNL/NM to
eventually address all ER sites.

In addition, DOE and SNL/NM are
taking voluntary steps toward
environmental protection and better
land stewardship. At the Lurance
Canyon Bum Site located in Zone
1, an arroyo bisects the area in
which site vegetation had been
eradicated to reduce fire potential.
Removal of the vegetative cover,

•

however, exposed the channel
banks, and made them prone to

Photograph 29 - Armoring along arroyo
channel at Lurance Canyon Burn Site, Zone 1.
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rill erosion (Photograph 15). This resulted in channel widening, increased sediment
loading in runoff water, and increased the potential for contaminants to migrate off-site.
Therefore, it was decided that some mitigation of rill erosion should be implemented.
The solution opted involved lining of the arroyo bed and sides with an erosion-resistant
material. This erosion control alternative is commonly referred to as "armoring". The
non-hazardous concrete block being removed from ER Site 16 was used as the armoring
material for the project. Photograph 29 shows the completed project. As a result of the
project, the arroyo channel should be stabilized.

•

•
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5.0

Recommendations

Comprehending all the complex interrelationships, in a watershed can seem
overwhelming at times. Information regarding certain aspects of the watershed may be
unavailable or missing if resource management on a watershed basis was not the original
focus of previous investigations and studies. Such is the case for the Arroyo del Coyote
watershed. The following sections outline additional data needs and specific studies that
are hereby recommended for consideration by DOE and SNLINM. The suggested work
will further the understanding of Arroyo del Coyote mechanisms and conditions, and will
facilitate improvement of watershed land health, both in the Arroyo del Coyote watershed
and in adjacent areas controlled by DOE and DOD.

5.1 Additional Data Needs
At the conclusion of this study, four specific areas deficient in an adequate quantity of
data were identified.

•

•

Soil loss gauge data - The original seven soil loss gauges were placed
throughout the watershed to gain long-term information on soil loss rates. At
the conclusion offield data collection for this study, trends from this data
were beginning to develop. However, confidence in predicting soil loss rates
at this juncture is low. It is suggested that at least one year of data be
collected prior to evaluation of annual trends. The suggested level of effort
would require the services of one technician for about eight hours per month.
Once adequate data are collected, the data set across each soil gauge can be
evaluated to derive an average soil loss or gain. The average value can then
be tracked historically (time vs. average soil loss or gain) to assess the erosion
rate at a given soil gauge site.

•

Additional soil loss gauges - Since individual information regarding ER sites
and the potential for contaminant migration from these sites is important to

•

DOE, SNLINM and NMED, it would be inexpensive to install additional soil
loss gauges at selected ER sites. Gauges constructed at ER sites would
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provide valuable data on site-specific soil loss rates and the efficacy of future
erosion control measures if implemented. If gauges indicate little or no soil
erosion after installation of erosion control measures, then contaminant
migration associated with soil loss and erosion processes could also be
considered controlled, reducing the need for costly monitoring at every ER
site. Soil loss gauge materials cost is very low « $50), and per gauge
construction time per site is approximately two hours.

•

Additional vegetation measurements - Twenty-five vegetation measurement

sites over 26 square miles of watershed were assessed as a part of this study.
A shortage of time prohibited collection of additional vegetation density
information. That number is equivalent to less than one measurement per
square mile of watershed. More data regarding this variable should be
collected in order to increase the accuracy ofthe GIS soil loss model and the
usefulness of a critical land use area map. Data collection involves the

•

utilization of a scientist and one technician. To collect the number of
additional vegetation measurements envisioned

(~75)

would require about

thirty days.

•

Precipitation gauges - Precipitation is the most important variable both in

terms of soilloss/erosion prediction and in rainfall/runoff relationship
determination. Quantitative precipitation data is used by the NRCS to
produce R factor maps for general use with either the MUSLE or RUSLE.
Installation of between four and seven precipitation gauges throughout the
watershed would generate a wealth of valuable data from which many
different assessments regarding storm water runoff and erosion would benefit.
With precipitation information for individual storms, hydraulic analyses for
any discrete cross-section of a channel could be performed, which would
generate information such as flow velocity, velocity head, water surface

•

elevation, discharge, specific energy, Froude Number, and flow criticality.
Installation of the gauges would probably require thirty days for a scientist
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and technician. In addition, precipitation information for individual storms
would provide the data necessary to assess the soil loss and sediment load in
flow from individual storms.

5.2 Recommended Watershed Projects
The additional data needs described above will aid in the studies already underway in the
Arroyo del Coyote watershed. This section describes other watershed projects that DOE
and SNLINM may wish to consider that will augment the existing watershed study and/or
mitigate existing conditions responsible for watershed degradation.

•

Modeling ofwatershed roads to mitigate mass wasting - Many portions of the

roads in Arroyo del Coyote are prone to washouts and gullying, which can
cause massive soil loss and sediment loading to stream channels. Roads have
been identified as the major source of sediment in most forest watersheds by

•

the USPS (Elliot et. at, 1998). This is the result of uncontrolled runoff down
or across unpaved roads. Diversion ofthe runoffby means of cross-drains can
eliminate this problem, and ultimately save time and money. Cross-drains are
designed to collect and route water off the road before it can cause substantial
damage. It is suggested that an evaluation of the existing road system in
Arroyo del Coyote and adjacent areas under the control of the DOE and DOD
be assessed for problematic sections. The assessment would consist of
modeling the area with the X-DRAIN Cross Drain Spacing and Sediment Yield
Model (Elliot et. at, 1998). The X-DRAIN model is designed to estimate

sediment yield from roads and foot trails, and then to determine optimum
cross-drain spacing for a specific length of roadway. Implementation of this
project would result in a major reduction in sediment loss, and a safer,
accessible road system.

Appendix D contains the complete X-DRAIN publication as well as the Cross

•

Drain Update publication (Gonzales, 1998). One variety of cross-drain

utilized by the USFS on roads with gradients less than 10 percent is a drainage
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dip. A cross-section detail of a typical drainage dip provided by the USFS
(1999) has also been included with Appendix D.

•

Construct vegetation buffer strips - Another major source of soil loss are
facilities constructed in the watershed (e.g., Lurance Canyon Burn Site) where
the native vegetative cover has been removed. Simple restoration of
vegetation in key areas or vegetation buffer strips would greatly reduce the
soil loss and contaminant migration potential, while still maintaining the
overall integrity of the facility.

Photographs 30 illustrates one erosion-prone area located at the Lurance
Canyon Burn Site. The facility's fuel distribution lines run from the aboveground storage tanks down to the
use areas. Due to a soil loss
problem, the buried fuel lines have

•

become exposed to the surface,
and are losing support from the
soil. This could potentially cause
a break in the line or separation of
a pipe joint, resulting in a loss of
fuel into the environment.
Vegetation buffer strips placed at
strategic locations to control storm
water and overland flow could aid
in alleviating this chronic
condition.

Vegetation buffers are small areas
or strips of land with permanent

•

Photograph 30 - Buriedfuel distribution line
exhumed through erosion, Lurance Canyon
Burn Site.
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vegetation designed to intercept
sediment and other pollutants.

•

Buffers can include riparian areas, filter strips, grassed waterways,
windbreaks, and contour grass/vegetation strips. Strategically placed buffer
strips around Arroyo del Coyote watershed developments and ER sites can
effectively mitigate the movement of soil, nutrients (nitrogen and
phosphorous), and other surface contaminants. Vegetation buffers increase
surface roughness, thereby slowing storm water runoff They can also trap
sediment, pathogens and heavy metals, and enhance infiltration within the
buffer zone. According to the NRCS (USDA, 1998b), if properly installed
and maintained they have the capacity to remove up to 75 percent of sediment
in runoff water. Buffer strips can also enhance wildlife habitat and protect
biodiversity.

•

Watershed modeling - With the gathering of critical watershed precipitation
data from field gauges, it would be possible to construct a model of the

•

Arroyo del Coyote watershed for management purposes. One of the most
comprehensive watershed models available in the public domain today is the
Soil and Water Assessment Tool (SWAT) model (Gillmeister, 1996). SWAT
is a comprehensive watershed management model that encompasses several
disciplines including hydrology, erosion/sedimentation, vegetation, nutrient
cycling, contaminant (pesticide) fate, channel impoundment routing, and land
use. SWAT also comes with a soil database developed from the NRCS soil
database, and a weather/climate database. These are integrated into the model
to produce more realistic output results. The SWAT model was developed by
the Blackland Research Center in Texas for use with the Windows 95 ®
interface. The SWAT interface is available free of charge from Blackland
Research Center, and may be downloaded via File Transfer Protocol (FTP).
For the FTP address, the reader may contact the Center for Advanced
Decision Support for Water and Environmental Systems bye-mail at:

gilimeiS@Cadswes.colorado.edu.

•
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•

MUSLE and GIS model update - As new data is generated from the soil loss
gauges and vegetation measurement sites, they should be added to the existing
database. Updates could then easily be made to the GIS-based MUSLE model
to produce more accurate critical land use area maps. The GIS-based MUSLE
model should be recognized for the innovative management tool that it
represents. The value of this tool can only increase as the amount of data is
increased and added to the database. Therefore management of and updates to
the database, as information is generated, remains a critical consideration.

•

Develop digital photograph database - During the course of this study, over
100 digital photographs were taken to document sites, processes, and existing
conditions within the Arroyo del Coyote watershed. Over time, the historical
significance of these photographs will increase in value to DOE, SNLINM,
and other interested parties. It would, therefore, be extremely valuable to

•

create a digital photograph database for storage and future reference. Perhaps
a link with the GIS database could also be established for each photograph.

•

Assessment of other watersheds impacted by DOE and SNL/NM - As the
importance of watershed-scale natural resource management and land
stewardship grow, so too will the need for basic assessment of other
watersheds, which fall within the purview of DOE and DOD at KAFB, as well
as other federal facilities. The Assessment and Management ofthe Arroyo del

Coyote Watershed report format can be utilized for consistency to conduct and
document these future studies. Additionally, much of the information already
contained in this study would be applicable to adjacent watersheds in the
vicinity.

•
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6.0

Conclusions

Pursuant to the CWAP, watersheds have been identified as the most viable planning units
for effecting the necessary and required changes mandated by the CWA. Watersheds
make good sense as natural resource management units in this respect because water that
migrates into rivers, lakes, and coastal areas falls within the watersheds. Thus, problems
affecting watersheds can easily manifest in surface water bodies, and cause conflict with
the CWA. Clean water is the product of a healthy watershed. Focusing on the whole
watershed helps to strike the best balance among efforts to control point/non-point source
pollution, and protect critical drinking water sources and ecosystems. In general, a
watershed focus also aids in identifying cost-effective pollution control strategies
(CWAP, 1998).

In keeping with the spirit of the CWAP, DOE and SNL/NM have made a commitment to
environmental restoration, protection, and good natural resource stewardship by

•

instituting this Assessment and Management ofthe Arroyo del Coyote Watershed study.
Implementation of certain recommendations proffered in this section will further aid
these goals.

During the course of this study, it became apparent that certain conditions exist that
detract from the overall land health of the watershed. Water quality has been impacted
by past and present activities in Arroyo del Coyote. Surface water in the form of rainfall
runoff was sampled at various times throughout the summer and fall of 1997 for metals,
anions, nitrate, nitrite, explosives, and SVOCs. According to the laboratory results, no
samples contained concentrations of these analytes in excess of existing regulatory
standards. Low levels of bromide, phosphate, and TPH were detected, but presently,
there are no state regulatory standards to compare the effects of these analytes. Samples
were also analyzed for TSS, and ranged between 1,660 and 60,200 mg/I. Currently, there
is no numeric standard for TSS, but the EPA, in conjunction with various states
(including New Mexico) is in the process of developing a standard for acceptable levels.

•

A scan for radiological constituents in the storm water was also performed. No
anomalous concentrations of the radioisotopic species analyzed were found.
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Periodic ground water sampling also indicated that impacts have occurred in Arroyo del
Coyote. In general, the only compound adversely affecting ground water quality and
exceeding WQCC maximum contaminant standards from monitor wells is nitrate.

Ground water emanating from springs in the watershed was also subjected to
geochemical analysis and a radiological scan. Two analytes were observed in excess of
WQCC maximum contaminant standards -- iron and chloride. Iron and chloride, which
are naturally occurring constituents in Arroyo del Coyote ground water, were found at
slightly elevated levels. Petroleum hydrocarbons (BTEX) were also detected in ground
water down-gradient of the Lurance Canyon Burn Site, but well below reportable
quantities. Lead-214 and bismuth-214 were the only two radioisotopes quantified in
concentrations exceeding the two standard deviation values. These were only found in
two of the springs sampled.

•

DOE's ER Project managed by SNLINM is designed to focus on environmental
protection and, in particular, the water quality issues raised. Most of the impacts to
watershed quality have occurred as a result of past activities. Most current activities in
the watershed have incorporated practices, which were implemented to mitigate any
additional environmental impacts; the only exception is the practice of maintaining roads,
which impact surface watercourses with increased sediment loading.

With input from NMED, SNLINM is aggressively addressing water quality issues within
the Arroyo del Coyote watershed. Increased erosion rates remain somewhat problematic
as there is little understanding of reasonable values, which should be expected in a
watershed such as this. Many different varieties of soil erosion were observed within the
Arroyo del Coyote watershed. Erosion is a naturally occurring process, but in some areas
of the watershed anthropogenic activities have dramatically increased erosion rates. For
example, clearing of vegetation will increase the amount of surface water runoff over the

•

area and result in substantially higher rates of soil loss/erosion in the area of concern.
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Unsustainable and uncontrolled soil loss resulting from intrusive human activities
degrades watershed health.

Site-specific data pertaining to rainfall, soil type, topography, and vegetation were
collected at twenty-five different locations throughout the watershed. Utilizing the data
generated, the MUSLE was applied to each site and an assessment was performed. The
results summarized in Table 2 indicate that soil loss rates in excess of the NRCS
recommended soil loss volumes are predicted to occur in areas of the watershed that have
not been impacted by development or other human activities. However, excessive
(relative to the NRCS value) soil loss also occurs in some developed areas of the
watershed. Comparison of the soil loss value from a site within the vegetation exclusion
zone of the Lurance Canyon Burn Site with that of an immediately adjacent site that has
the native vegetation intact shows this. Wherever the existing vegetation has been
removed for facilities or roads, the potential for soil loss will increase.

•

The GIS database at SNL/NM was used to produce a critical land use areas map (Plate 3),
based upon the MUSLE that graphically display soil loss potential throughout the
watershed. Plate 3 can be utilized as a tool for the assessment of the relative vulnerability
or potential for soil loss from a particular area based upon climatic, soil, topographic, and
vegetation parameters. Used properly, land management practices and plans could be
appropriately modified to minimize the impact to the land and water resources and
improve DOE and SNL/NM land stewardship practices. In addition, each of the
variables associated with the MUSLE can now be adjusted to account for new data and
maps can be produced to simulate the impacts of new development or changes within the
watershed. After additional vegetation density measurement points are collected, and
longer-term information is gathered from the soil loss gauges, the data will be able to be
used to compare with and adjust the GIS model to improve the accuracy of the results.
With this information at hand, it will be possible for DOE, SNLINM, and DOD to
formulate better, more informed decisions regarding land management issues in the

•

watershed.
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The Arroyo del Coyote watershed has been affected by human activities that have created
or are currently creating some areas with unsustainable conditions with regard to good
land health. Some ER sites are being remediated and nominated for closure, but other ER
sites remain to be addressed, a legacy from decades of weapons and components testing.
Some of the sites have impacted adjacent soil and ground water, and, in some cases have
the potential to impact surface water. In some instances, poorly planned and maintained
roads within the watershed have caused increased soil erosion in the form of sheet wash,
rill, and gully erosion, especially in the upper reaches of Zones 1 and 2. However, based
upon laboratory results, soil and ground water contamination appears to be localized and
restricted to the area of the ER sites. Monitoring at these sites continues to ensure that
should off-site migration occur, the situation can be recognized and an appropriate
response implemented in a timely manner.

The conditions affecting land health within Arroyo del Coyote must be put into

•

perspective. When compared to other watersheds in New Mexico that have experienced
heavy grazing by domestic livestock, the biotic community and ecosystem in Arroyo del
Coyote are thriving and relatively healthy, due primarily to protection of the watershed
by the exclusion of grazing and unauthorized entry. Overall, the Arroyo del Coyote
watershed exhibits moderate land health. The problems of water quality and erosion
facing the watershed land managers and those involved with restoration activities are not
insurmountable. DOE and SNL/NM currently recognize water quality as a high priority.
Accelerated soil loss and mass wasting as a result of anthropogenic activities are slowly
becoming recognized as conditions that must also be addressed in order to maintain or
improve land health. Implementation of a non-hazardous solid waste collection and
removal program would be a major step forward in eliminating a contributory factor to
the watershed's degradation. If cooperation among the affected agencies was
forthcoming, such an effort could, in a relatively short duration, positively change the
health of the Arroyo del Coyote watershed.

•

People are also an integral component ofthe watershed ecosystem. They are the most
important component, because they are responsible for many ofthe origins of instability
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in the system; important because they are also the only hope for correcting past wrongs,
restoring stability, and managing the watershed in a manner conducive to good land
health. It is human awareness and support that are critical components for a successful
solution structured to promote overall land health.

Natural resources such as croplands, forests, rangelands, riparian areas, and wetlands are
the building blocks of most watersheds. The Arroyo del Coyote watershed is no
exception. The overall land health and water quality within our watersheds is a reflection
of how well those resources are managed.

Healthy watersheds are the keys to maintaining and restoring water quality and land
health. Good stewardship of natural resources is the fundamental fIrst step in pollution
prevention and sustainable use. Without incorporation of a watershed approach to
resource management, and the implementation of real solutions to watershed degradation,
the Arroyo del Coyote watershed ecosystem will decline. According to Aldo Leopold
•

(1949) "... when the soil loses fertility, or washes away faster than it forms, and when
water systems exhibit abnormal floods and shortages, the land is sick."

Photograph 31- Vegetation rejuvenation in burned area of
lower Madera Canyon, Zone 1.

There are positive signs of change. The present atmosphere at DOE and SNL/NM
•

supports watershed-based management, and has now allocated funding for various
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programs and activities in support of this effort. Public awareness is on the rise regarding
watersheds, the problems they face, and the realization that communities are considered
an integral component of the watershed ecosystem. As awareness heightens, there exists
a window of opportunity to alter the current trend of resource depletion towards one in
support of healthy watersheds.

•

•
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ApPENDIX A

NATIONAL WEATHER SERVICE [SOHYET MAPS

•
View to the southeast ofArroyo del Coyote (right to left) channel, Zone 2.
Cootonwoods on the far left indicate the location of Coyote Springs.
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ApPENDIX B

MUSLE MAP, GRAPHS AND TABLES

•

View to the south down lower Madera Canyon near confluence with Arroyo del
Coyote, Zone 1. Sol se Mete Canyon can be seen in the far center background
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PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS

Area- BERNALILLO COUNTY AND PARTS OF SANDOVAL AND VALENCIA COUNTIES, NEW MEXICO
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ACREAGE AND PROPORTIONATE EXTENT OF THE SOILS
Survey Area- BERNALILLO COUNTY AND PARTS OF SANDOVAL AND VALENCIA COUNTIES, NEW MEXICO

Map
Symbol

BcA
GA
LRD
ROF
SAF
SEC
SHF
Te
TgB
WaB

Soil Mapunit Name

BLUEPOINT LOAMY FINE SAND, 1 TO 3 PERCENT SLOPES
GILA FINE SANDY LOAM
LAPORTE-ROCK OUTCROP-ESCABOSA COMPLEX, 5 TO 20 PERCENT SLOPES
ROCK OUTCROP-ORTHIDS COMPLEX, 40 TO 80 PERCENT SLOPES
SALAS COMPLEX, 20 TO 80 PERCENT SLOPES
SEIS VERY COBBLY LOAM, a TO 15 PERCENT SLOPES
SEIS COMPLEX, 30 TO 80 PERCENT SLOPES
TESAJO-MILLETT STONY SANDY LOAMS
TIJERAS GRAVELLY FINE SANDY LOAM, 1 TO 5 PERCENT SLOPES
WINK FINE SANDY LOAM, a TO 5 PERCENT SLOPES
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(0.0 percent is less than 0.1 percent)
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Table 12.1

Slope Geometry Factor Based on Steepness and Length

Slope
Length
in/eet

Slope Steepness in Percent

4

6

8

10

12

14

16

18

20

25

30

35

40

45

50

50

0.3

0.5

0.7

1.0

1.3

1.6

2.0

2.4

3.0

4.3

6.0

7.9

101

12.6

15.4

100

0.4

0.7

1.0

1.4

1.8

2.3

2.8

3.4

4.2

6.1

8 .)-

11.2

14.-i

17.9

21.7

150

0.5

0.8

1.2

1.6

2.2

2.8

3.5

4.2

5.1

7.5

10.4

13.8

176

21.9

26.6

200

0.6

0.9

1.4

1.9

2.6

3.3

4.1

4.8

5.9

8.7

12.0

15.9203

25.2

307

250

0.7

1.0

1.6

2.2

2.9

3.7

4.5

5.4

6.6

9.7

13.4

17.8

22.7

28.2

34.4

300

0.7

1.2

1.7

2.4

3.1

4.0

5.0

5.9

7.2

10.7

14.7

19.5

24.9

30.9

37.6

350

0.8

1.2

1.8

2.6

3.4

4.3

5.4

6.4

7.8

11.5

15.9

.21.0

26.9

33.4

40.6

400

0.8

1.3

2.0

2.7

3.6

4.6

5.7

6.8

8.3

12.3

17.0

22.5

28.7

35.7

43.5

450

0.9

1.4

2.1

2.9

3.8

4.9

6.1

7.2

8.9

13.1

18.0

23.8

30.5

37.9

46.1

500

0.9

1.5

2.2

3.1

4.0

5.2

6.4

7.6

9.3

13.7

19.0

25.1

32.1

39.9

48.6

550

1.0

1.6

2.3

3.2

4.2

5.4

6.7

8.0

9.8

14.4

19.9

26.4

33.7

41.9

50.9

600

1.0

1.6

2.4

4.4

5.7

7.0

8.3

10.2

15.1

20.8

27.5

35.2

43.7

53.2

650

1.1

1.7

2.5

3.5

4.6

5.9

7.3

8.7

10.6

15.7

21.7

28.7

36.6

45.5

55.4

700

1.1

1.8

2.6

3.6

4.8

6.1

7.6

9.0

11.1

16.3

22.5

29.7

38.0

47.2

57.5

750

1.1

1.8

2.7

3.7

4.9

6.3

7.9

9.3

11.4

16.8

23.3

30.8

393

48.9

59.5

800

1.2

1.9

2.8

3.8

5.1

6.5

8.1

9.6

11.8

17.4

24.1

31.8

40.6

50.5

61.4

900

1.2

2.0

3.0

4.1

5.4

6.9

8.6

10.2

12.5

18.5

25.5

33.7

43.1

53.5

65.2

1000

1.3

2.1

3.1

4.3

5.7

7.3

9.1

10.8

13.2

19.5

26.9

35.5

45.4

56.4

68.7

------------------------------------------

Marsh, 1998
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TABLE

7.4 .

C factors for undisturbed woodlands

Effective canopy'
(% of area)

Forest Iitterb
(% of area)

C factor"

100-75

100-90

0.0001-0.00 I

70-40

85-75

0.002-0.004

35-20

70-40

0.003-0.009

Source: USDA Soil Conservation Service 1977.
'When effective canopy is less than 20%. the area will be considered grassland or idle land for estimating soil loss.
Where woodlands are being harvested or grazed. use Table 7.S.
b Forest litter is assumed to be at least S cm deep over the percent ground surface area covered.
'The range in C values is due in part to the range in the percent area covered. In addition. the percent of effective
canopy and its height have an effect. Low canopy reduces raindrop impact and lowers the C value. High canopy. over
13 m. is not effective in reducing raindrop impact and will have no effect on the C value.

TABLE

7.S.

C or VM factors for permanent pasture, rangeland,
idle land, and grazed woodland
Cover that contacts the surface
(% ground cover)

Type and height
of raised canopy"

Canopy
coverb (%)

No appreciable canopy

•

TypeC

0

20

40

60

80

95-100

G

0.45
0.45

0.20
0.24

0.10

0.042
0.090

0.013
0.043

0.003

0.15

0.17
0.20
0.13
0.16
0.10

0.09
0.13
0.07
0.11

0.038
0.082
0.035
0.075

0.012
0.041
0.012
0.039

0.003
0.011
0.003
0.011

G

0.36
0.36
0.26
0.26
0.17

0.011

0.17

0.12

0.06
0.09

0.031

W

0.067

0.038

0.003
0.011

G

0.40
0.40

0.18
0.22

0.09
0.14

0.040
0.085

0.013
0.042

0.003
0.011

G

0.34
0.34
0.28

0.16
0.19
0.14

0.085 0.038
0.13
0.081
0.08
0.036

0.012
0.041
0.012

0.003
0.011
0.003

w

0.28

0.17

0.12

0.077

0.040

0.011

G

0.42
0.42
0.39
0.39

0.19
0.23

0.10
0.14
0.09
0.14
0.09

0.041
0.087
0.040
0.085
0.039

0.013
0.042
0.013
0.042
0.012

0.003
0.011
0.003
0.011
0.003

0.13

0.083

0.041

0.011

W
Canopy of tall weeds
or short brush (0.5 m
fall height)

25

G

W
50

G

W
75
Appreciable brush or
bushes (2 m fall height)

25

W

SO

G

W
75
Trees but no appreciable
low brush (4 m fall height)

25

W
50

G

W
75

G

W

0.36
0.36

0.18
0.21
0.17
0.20

0.011

Source: USDA Soil Conservation Service 1977.
Note:AII values assume (I) random distribution of mulch or vegetation and (2) mulch of appreciable depth where it
exists. Idle land refers to land with undisturbed profiles for at least a period of 3 consecutive years. Also to be used for
bumed forest land and forest land that has been harvested less than 3 yr ago.
'Average fall height of water drops from canopy to soil surface.

•

bPortion of tocal area surface that would be hidden from view by canopy in a vertical projection (a bird's-eye view).

'G

=

=

cover at surface is grass.,gi'llsslike plants, decaying compacted duff, or litter at least 2 in. deep;W cover at
surface is mostly broadleaf herbaceous plants (as weeds with little lateral-root network near the surface) and/or
undecayed residue.

Brooks et. al., 1997
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ApPENDIX C

SOIL GAUGE UNITS COMBINED PROFILES

•
View towards the north along the eastern watershed boundary in Madera Canyon,
Zone 1. Sandia Mountains form the skyline in the background
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Unit SG-1 Soil Profiles
for July 31 and October, 1998
Length along benchmark in cm.
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Unit SG-2 Soil Profiles
for July 31 and October 2, 1998
Length along benchmark in cm.
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Unit SG-3 Soil Profiles
for July 31 and October 2, 1998
Length along benchmark in cm.
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Unit SG-4 Soil Profiles
for July 31 and October 2, 1998
Length along benchmark in cm.
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Unit SG-5 Soil Profiles
for July 31 and October 2, 1998
Length along benchmark in cm.
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Unit SG-6 Soil Profiles
for July 31 and October 2, 1998
Length along benchmark in cm.
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Unit SG-7 Soil Profiles
for July 31 and October 2, 1998
Length along benchmark in cm.
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ApPENDIX

D

USFS CROSS DRAIN INFORMATION

•
Arroyo del Coyote water gap at boundary between Zones 2 and 3. View is from
Zone 3 into Zone 2 towards the southeast with the Manzanita Mountains
on the skyline in the background.
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HOW TO RUN
X-DRAIN can be run directly from the CD without installing it on the computer. Both the CD and appendix A
contain instructions for installing this application on your PC; included are hardware requirements, how to
remove the application from your PC, and application features. The CD contains an introductory video,
documentation, and software.
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INTRODUCTION
The X-DRAIN model is a user-friendly computer
program based on the Water Erosion Prediction
Project (WEPP) and is designed to estimate
sediment yield from roads, landings, skid trails, and
foot trails as affected by climate, soil, local
topography, and transportation system
characteristics. X-DRAIN can be used to determine
optimum cross drain spacing for existing or
planned roads, and for developing and supporting
recommendations concerning road construction,
reconstruction, realignment, closure, obliteration,
or mitigation efforts based on sediment yield. The
model estimates sediment yield produced by a
given road or road system by summing sediment
quantities from each unique road segment or road
length between cross drains.
This report provides a brief background of WEPP,
discusses applications of X-DRAIN, and details
examples to assist the field user with software
implementation. AppendiX A contains instructions
for installing this application on the PC. Included
are hardware requirements, application features,
and removal of the application from the PC. Other
appendices provide background information useful
for proper application of the model.
Roads have been identified as the major source
of sediment in most forest watersheds due to
surface erosion or mass failure. Practices to control
sedimentation from roads are well known, and
have been incorporated into road design and cross
drain spacing guides for many years (Packer and
Christensen 1977). Such guidelines, however,
merely provide percentage estimates of sediment
reduction at best, and their applications are limited
to the specific soils and climates where they were
developed. There have been numerous cases in
recent years where forest planners needed
sediment yield from a given road, but had limited
tools for estimating the amount.
One of the most common forest road conditions
leading to sedimentation of streams is shown in
figure 1, where a forest road experiences erosion
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Figure 1-Relationship of road, fill slope, forest buffer, and
stream for WEPP cross drain sediment yield study.

between cross drains. The runoff from the cross
drain is routed over the fill slope and across a buffer
area to the stream. All insloping, flat, rutted, or
outsloping roads can be described by this model.
Whether the cross drain is a culvert or an open
drain will have minimal impact on the sediment
delivery. Outsloping roads generally have an
equivalent cross drain spacing of about 7 m (23 ft)
(Foltz 1996).a This increases as wheel tracks
develop, requiring graae dip cross drains to
effectively remove surface drainage from the
traveled way. Only roads that cross streams or
drain directly into streams are exceptions to this
template (Elliot et al. 1994). The current practice
in road stream crossing design is to address each
site individually to minimize sedimentation.

THE WEPP MODEL
The WEPP model (Flanagan and Livingston 1995)
is a physically based soil erosion model that can
provide estimates of soil erosion and sediment
yield considering the specific soil, climate, ground
cover, and topographic conditions. WEPP
simulates the daily conditions that impact erosion,

a. Throughout the document both metric and English standard units are used. X-DRAIN allows for a choice of meters
or feet. However, for clarity of information in the tables, only the metric units are shown.

•

of sediment for every foot of road length
contributing to a given cross drain. Users can
determine the total length of a road in each
topographic category, multiply that length by the
sediment yield, and then sum the sediment yields
from all of the road segments to determine the total
sediment load from the road (see example 1). If a
segment of a road is contributing sediment to the
stream system at a live-water crossing, that
contribution will have to be estimated separately
with the WEPP model.

such as the amount of vegetation canopy, the
surface residue, and the soil water content. For
each day that has a precipitation event, WEPP
determines whether it ;s rain or snow, and
calculates the infiltration and runoff. If there is
runoff, WEPP routes the runoff over the surface,
calculating erosion or deposition rates for at least
100 points on the hillslope. It then calculates the
average sediment yield from a hills/ope. WEPP
has a hillslope version, which was the basis of the
data for the X-DRAIN program, and a watershed
version. The model has been validated for
numerous conditions including forest roads (Elliot
et al. 1995).

Applications
There are several applications for the X-DRAIN
model. Planners can estimate sediment produced
by a given road system by summing sediment
yields for each road segment. Optimum cross drain
spacing for existing or planned roads can be
determined. Recommendations concerning road
reconstruction, realignment, closure, obliteration,
or mitigation can be developed and supported by
X-DRAIN outputs.

Methods and Results

I.

To exploit the ability of WEPP to predict
sedimentation from roads, and to make the results
available for field application, over 50,000 runs of
the WEPP model, Version 95.7, were carried out
for the soil and topography conditions described
in table 1, and the climates described in
appendix B. The sediment yield value was
recorded for each run. Figure 2 shows some typical
results. Additional discussion of the results is
presented in Morfin et al. (1996). The data from
the runs were stored in a large binary file. Two
programs were developed to access the data: a
stand-alone version to run in Windows (X-DRAIN
1997) and a version to run over the Forest SeNice
Intranet or the World Wide Web (XDS 1997).

For determining sediment yield from existing roads,
the road design or a sUNey specifies distance
between cross drains, traveled way shape, and
the gradient of the road for each segment. The
slope and distance to a channel can be determined
from a field sUNey or a contour map. The nearest
climate (appendix B), and the soil that best
describes the onsite soil (appendix C) are selected.
From this information, the sediment yield can be
determined for each road segment, and the total
sediment yield calculated (example 1).

The results have been expressed as the average
annual sediment yield in either kilograms of
sediment for every meter of road length or pounds

Table 1-Soil and topography conditions in WEPP runs.

Variable

•

Values

Spacing of cross drains

10, 20, 40, 60, and 100 m

Road gradient

2, 4, 8, and 16 percent

Length of buffer between road and stream

10,40,80, and 200 m

Steepness of buffer

4, 10, 25, and 60 percent

Soil textures (see appendices C and D for details)

Clay loam, silt loam, sandy loam, gravelly loam,
and gravelly sand

2

•

1.6
1.4
u

(i)

'>'
C

<1>_

% Road gradient

1.2

•

...

1.0

EE

'6 OJ 0.8

co

/

0.6

. . •. -

/

2

/

::J

c
c

8

---.--- 4

<I>.Y
(f) -

16

......

0.4

.......-

~

,..,-/

./

//

//

.- .- .+.

0.2
10

20

100

60

40
Cross drain spacing

REDJ97 0142

(m)

Figure 2-Annual sediment yield versus cross drain spacing for different road gradients for the Wallace, 10 climate,
with a buffer length of 40 m (131 ft), a silt loam soil, a buffer slope of 25 percent, and a road width of 4 m (13 ft).
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complex or detailed conditions, or use climates
beyond the scope of this study, it is necessary to
run the WEPP model.

The second application of this program is to
evaluate impact of alternative cross drain or
waterbar spacing for any road (including skid trails)
on sediment delivery. The necessary input
information is collected, X-DRAIN runs are made,
and the output table studied to determine spacing
giving a sediment yield of either zero or near zero.
Cross drain spacing can subsequently be
optimized (examples 2 and 4).

Discussion
Field research shows the range of sedimentation
amounts observed will vary by at least 30 percent
from the mean. Minimum observed values are
frequently less than half the maximum observed
values (Elliot et al. 1994; Elliot et al. 1995; Tysdal
et al. 1997). Validation work has shown values
predicted by WEPP generally fall within the range
of observed values. Users are encouraged to
avoid placing too much emphasis on small
differences between values. For conditions not
modeled, the output relationships are reasonably
continuous, and interpolation between results
appears to be valid. It is not advisable to
extrapolate beyond the values presented, as
relationships are not linear.

Another application is as an aid to identifying
sections of road that are the best candidates for
closure, reconstruction, realignment, or mitigation
measures to make best use of limited funding
(example 3). In terms of mitigation, the application
of imported aggregate to a clay or silt loam
subgrade can be evaluated by selecting the
gravelly loam soil. The application of aggregate to
a sandy loam road can be evaluated by selecting
the gravelly sand soil.
Other applications of the model include
determining erosion from footpaths or bike trails
by specifying a narrow width such as 1 m (3 ft).
Log landings or similar cleared areas that are
eroding and are less than 30 m (100 ft) wide may
be analyzed. Should the user desire to model more

•

It was assumed there would be no condition where
road gradient was steeper than the buffer; so for
such a combination, the output table has a blank
entry. Results are rounded to one or two significant
digits (see table A1 in appendix A), with a minimum

3

II

-

value of 0.01 kg/m (0.01 Ib/ft). Any values less than
0.01 kg/m (0.01 Ib/ft) are displayed as zero in the
table.

In analyzing results for several climates where a
significant part of the precipitation occurred as
snow, WEPP predicted larger sediment yields than
for climates with similar precipitation and no snow
fall. Earlier studies suggested WEPP was
overpredicting snowmelt rates (Elliot et al. 1996).
After the runs for this study were completed, a
snowmelt prediction error was identified in the
WEPP code. A revised version of the WEPP model
(1997) was developed and is now available with
modified snowmelt routines. Runs were made with
this modified version of WEPP, and it was noted
that sediment yields were reduced from less than
5 percent for most climates to as much as
50 percent for the Deadwood Dam, 10 climate. The
predicted results from the new release are within
the range of field observations, although generally
lower than those presented in the cross drain data
set. The climates that are dominated by snowmelt
are noted in appendix B.

In a limited analysis of the sensitivity of sediment
yield to the various input factors, Mortin et al.
(1996) found sediment yield was particularly
sensitive to cross drain spacing, road gradient, and
buffer length. It was less sensitive to buffer slopes
above 25 percent. In their study, sediment yield
was sensitive to both climate and soil type.
In some cases, users may wish to estimate percent
of eroded sediment in the sand size class for
environmental impact analysis. WEPP predicts
size distribution of eroded sediment by dividing
sediment into sand, silt, and clay particles; small
aggregates made up of clay and silt; and large
aggregates made up of clay, silt, and sand.
Generally, sand deposits first, and clay and small
aggregates last. A series of runs were made with
the WEPP 97.3 model for the Eagle, CO climate,
to determine predicted sand content values as
particles and in the large aggregates for a range
of sediment yields (table 2). The predicted values
appear to be reasonable, but users are
encouraged to compare these predictions with
local observations, as size distribution predictions
have not been validated for forest conditions.

This study assumed runoff water followed the road
from one cross drain to the next (figure 1). This
template can be applied to a variety of conditions
and provides a reasonable estimate of sediment
yield (table 3). If the site template presented in
figure 1 is not adequate to describe the site
conditions, then site-specific runs can be made
with the WEPP model with the aid of the templates

Table 2-Predicted sand content as particles and in large aggregates
for different sediment yield amounts for the Eagle, CO climate.

Percent sand particles and in large aggregates
Soil
On site
sand content

Clay
30

Silt
30

Sediment Yield
(kg/m)

-

Sand

Gravelly loam

Gravelly sand

60

40

70

In delivered sediment

0.05

28

14

60

33

63

0.1

29

9

56

33

64

0.5

30

17

55

34

60

1.

30

20

50

34

57

5.

29

25

(52)a

33

(58)a

a. These values predicted for Wallace, ID climate; the Eagle, CO climate did not have sediment yields as large as
5 kg/m (17 Ib/tt) for these soils.
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Table 3-Adapting cross drain inputs to model different conditions.

I-

-

Condition

Cross drain application

Road with flat traveled way

Enter width of traveled way in width box and
read output direct.

Insloping road with no ditch treatment and no ruts

Enter width of traveled way plus inside ditch in
width box.

Insloping road with rocked or gravel ditch and no ruts

Enter width of traveled way in width box and
select 10m for spacing of cross drains.

Outsloping road without ruts

Enter width of traveled way in width box and
select 10m for spacing of cross drains.

Outsloping road with ruts

Enter width of traveled way. Read the results fo
the observed spacing of cross drains.

Bladed and compacted skid trail

Select appropriate native surface soil and
appropriate topographic variables for first year
erosion. Subsequent years will decline rapidly as
vegetation is reestablished on the skid trail to
near zero by year 5.

More complex conditions

Run the WEPP model for the specific conditions.

developed by Elliot and Hall (1997). If the road
drains directly into channels, then the cross drain
template is not valid, and the WEPP watershed
version may be the more appropriate modeling tool
(Tysdal et al. 1997).

sediment yield from this particular road section is
350 kg (772 Ib), from the two segments nearest
the stream. From these results, the road designer
may target mitigation measures to reduce
sedimentation from those segments near the
stream. Such measures might include additional
rocking of the traveled way with quality gravel (as
is currently practiced), or reducing cross drain
spacing from 100 m (328 ft) to 20 m (66 ft).

Examples
Example 1
Find the sediment yield from a 346-m length of
proposed road for the Spruce Creek Timber Sale
in the Boise National Forest described in table 4.
The road width is 4 m (13 ft).

Example 2
An existing 4-m (13-ft) wide road in the Boise
National Forest is within 10m (33 ft) of a creek.
The buffer slope to the creek is 10 percent. The
gradient of the road is 4 percent. What is the
recommended spacing of cross drains?

X-DRAIN was run once for each of the three buffer
lengths. Sediment yield values were interpolated
for the last two road segment gradients. The
sediment yields per unit length of road from the
program were multiplied by the appropriate drain
spacings to determine the total sediment yield for
each road segment.

-

The climate and soil are the same as in example 1.
From a single X-DRAIN run, the spacing to achieve
no sedimentation is 20 m (66 ft). If cross drains
are spaced at 60 m (196 ft), then the annual
sediment yield is only 0.1 kglm (0.067 (b/ft) length,
which may also be acceptable. An increase in drain
spacing to 100 m (328 ft) increases the
sedimentation by a factor of 7 from the 60-m
(196-ft) spacing, which is not likely to be
recommended.

For the first two segments, the sediment yields
were zero for all road gradients and drain spacings
for buffer lengths over 80 m (262 ft). The sediment
yields for the last two were interpolated from the
X-DRAIN results in table 5. The total estimated
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Table 4-Details of a proposed road segment in the Boise National Forest. The buffer slope is about 25 percent. The nearest climate
station is Deadwood Dam. The site is on the Idaho Batholith, a coarse-grained soil most closely described as a gravelly sand .

Drain Spacing
(m)

Segment

Road Gradient
(%)

Buffer Length
(m)

1

90

3.7

200

2

56

5

140

3

100

9

10

4

100

6

10

Total

346

Table 5-Topographic observations from road design and interpolated sediment yields.

Segment

(%)

Drain Spacing
(m)

1

2,4

100

0,0

0

0

2

4,8

60

0,0

0

0

3

8,16

100

1.8,2.6

1.9

190

4

4,8

100

1.4,1.8

1.6

160

Road Gradient

•

Interpolated Total
(kglm)
(kg)

Total
Example 3
There are three old logging roads located on a
hillside in the Boise National Forest. Each is 4 m
(13 ft) wide. The forest wishes to retain the lowest
road possible to allow access for recreational
fishing and related wildlife administration. They
wish to put in cross drains only every 100 m (328 ft)
to allow for ease of maintenance, and to minimize
discomfort to road users. The gradients of all three
roads are 4 percent. One road is 10m (33 ft) from
the stream with a 10 percent buffer slope, the
second is 80 m (262 ft) from the stream with a
25 percent buffer slope, and the third is 200 m
(656 ft) from the stream with a 60 percent buffer
slope. Which road should be used? A run is made
for each condition with the results in table 6.

•

X-DRAIN Yield
(kg/m)

From table 6, it appears that the middle road
should be developed for the access, and the
bottom road mitigated in some way to eliminate

350

the risk of sedimentation. A recommended
mitigation could be to outslope the road, rip it, and
seed it (Moll 1996). The top road appears to offer
no risk from sedimentation due to erosion, but at
such steep gradients, it should be inspected for
risk of instability.
Table 6-Results of X-DRAIN runs on 3 logging
roads in Boise National Forest.
Buffer

Burrer

Sediment

Length

Slope

Yield

(m)

(%)

(kg/m)

10

10

0.7

2

80

25

0

3

200

60

0

Run

•

Example 4

Table 7-Estimate of erosion for first 5 years of skid trail.

A skid trail is believed to be a potential erosion
source in a recently harvested site in West Virginia
on a clay loam soil. The slope of the hillside is
10 percent, the distance to the nearest channel is
40 m (131 ft), and the slope of the skid trail is
8 percent. The width of the trail is 3 m (10ft), and
the total length is 100 m (328 ft). What is the
recommended spacing of waterbars to prevent soil
from entering the stream?

Sediment Yield
(kg/m or tlkm)

Year

The West Virginia climate and clay loam soil are
selected as are the buffer slope steepness and
length. On the output screen for an 8 percent slope,
the sediment yield is zero for a waterbar spacing
of 10m (33 ft), and only 0.08 kglm (0.05Ib/ft) for a
spacing of 20 m (66 ft). This would be the erosion
in year 1, and each SUbsequent year would
experience about a 20 percent reduction in erosion
as the vegetation regrows. Table 7 demonstrates
estimation of the erosion for the first 5 years of the
skid trail until vegetation has regenerated.

•

•

The manager may decide that the sediment yield
from the 20-m (66-ft) spacing is tolerable, but not
the yield from the 40-m (131-ft) spacing.

7

10-m
spacing

20-m
spacing

40-m
spacing

1

0

0.08

0.6

2

0

0.064

0.48

3

0

0.048

0.36

4

0

0.032

0.24

5

0

0.016

0.12

6

0

0

0

Total

0

0.24

1.8

Total
(100 m)

0

24 kg

180 kg

•
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APPENDIX A

The minimum recommended hardware
configuration for Windows 3.x is a 486 CPU with 4
MB RAM. The minimum recommended
configuration for Windows 95 is a 586 (Pentium)
CPU with 8 MB RAM. In addition, a CD-ROM drive
for installation is needed. Approximately 4 MB of
free hard disk space is recommended for storing
the application and other required files.

USER GUIDE TO THE CROSS
DRAIN SPACING AND
SEDIMENT YIELD MODEL
(X-DRAIN)
William J. Elliot, P.E., PhD
Project Leader, Rocky Mountain Research
Station

APPLICATION INSTALLATION
X-DRAIN can be installed from a CD or from a file
downloaded from the Internet. If you download XDRAIN from the Internet, follow the directions
provided on the web site.

David L. Renner
Computer Consultant, Moscow, /D

INTRODUCTION

•

The cross-drain spacing/sediment yield
application, X-DRAIN, is a computer program
designed to assist road and watershed managers
in estimating sediment yields from roads, landings,
foot trails, and skid trails as affected by climate,
soil, local topography, and road design. X-DRAIN
also aids cross drain spacing optimization.
Estimates of sediment yield provided by X-DRAIN
were derived from 52,800 runs, for 30 years of
climate data, using the Water Erosion Prediction
Project (WEPP) model (Flanagan and Livingston
1995; Morfin et al. 1996). Information on updates
and known issues are available as hard copy or
over the Internet from the Rocky Mountain
Research Station.

Close all other applications before attempting to
install the X-DRAIN application. Failure to do so
may result in an unsuccessful installation of the
program. The procedures listed below outline the
installation procedure for Windows 3.x or
Windows 95:

Windows 3.x (16-bit X-DRAIN only)

APPLICATION REQUIREMENTS
X-DRAIN is available for both 16-bit and 32-bit
systems. a It will run under either Windows 3.x or
Windows 95 operating systems. The 32-bit system
is optimized for Windows 95 and will run only on
that system. Both versions of X-DRAIN provide
the same estimates of sediment yield for a given
set of input parameters.

Close all open Windows applications.

2.

If you are installing from a CD-ROM, insert
the installation disk.

3.

Open the Windows Program Manager. Select
the File menu item, followed by the Run menu
item.

4.

In the command line portion of the Run dialog
box that appears, enter a:isetup16.exe, where
a: is the designation of your computer's CD
drive.

5.

Follow the instructions provided by the
installation procedure.

Internet addresses:

Hard copy source:
William Elliot, Project Leader
Rocky Mountain Research Station
1221 South Main
Moscow, 10 83843
Tel 208 882 3557

•

1.

WEPP@forest.moscowfsl.wsu.edu
http://forest.moscowfsl.wsu.edu/4702/x-drain.html

a. A version that runs over the Internet using any standard browser can be accessed from http://forest.moscowfsl.wsu.edu/
4702/xds/xds.html.
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NOTE: During the installation process, the user
will be asked to specify a directory location where
the program files will be stored. Less than 2 MB of
files will be placed in this directory. You may accept
the directory location suggested by the installation
procedure or select your own. To continue, click
the large computer icon button located on the left
hand side of the installation setup screen.

Installation without a CD drive may be done from
the network (see box on previous page) or the
appropriate installation files can be copied to two
floppy disks (see Readme.txt).

APPLICATION REMOVAL

Windows3.x
The 16-bit X-DRAIN application is removed
"manually" in Windows 3.x. Use Windows File
Manager to delete the files in the directory where
the program was installed. Also delete the XDRAIN Group and Item icons from the Program
Manager. Files that were copied into the Windows
directories should not be removed.

Upon successful installation, an X-DRAIN group
and program icon will be created within Windows
Program Manager. The program is initiated by
double-clicking on the program icon.

Windows 95 (either 16-bit or 32-bit XDRAIN)

Windows 95

1. Close all open Windows applications.

Under Windows 95, the method to remove XDRAIN depends on which version was installed.
The 16-bit X-DRAIN application is removed
"manually." Use Windows File Manager or
Windows Explorer to delete the files in the directory
where the program was installed. Also delete the
X-DRAIN program name from the Programs list.
Files that were copied into the Windows directories
should not be removed.

2. If you are installing from a CD-ROM, insert
the installation disk.

•

3. Click the Start icon-typically located in the
lower left corner of the Windows 95 screenfollowed by the Run menu item.

4.

5.

In the command line portion of the Run dialog
box that appears, enter a:lsetup32.exe, where
a: is the designation of your computer's CD
drive.

The 32-bit X-DRAIN application is removed with
the automated uninstall program. Click the Add!
Remove Programs icon in the Control Panel.
Select the X-DRAIN program entry in the list of
program names provided, and then click the Add!
Remove... button. Files copied to the user's
computer during the installation procedure are
automatically removed.

Follow the instructions provided by the
installation procedure.

NOTE: During the installation process, the user
will be asked to specify a directory location where
the program files will be stored. Less than 2 MB of
files will be placed in this directory. You may accept
the directory location suggested by the installation
procedure or select your own. To continue, click
the large computer icon button located on the left
hand side of the installation setup screen.

APPLICATION FEATURES
The X-DRAIN application is composed of three
primary screens:

Upon successful installation of the application, an
X-DRAIN program icon is automatically inserted
into the Windows Programs list. The program is
started by clicking on this program icon.

•

•

a set-up screen

•

an input screen

•

a display screen
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X-DRAIN Setup Screen

Soil Type

The X-DRAIN setup screen (figure A1) is displayed
only the first time the application is run. It displays
a brief description of the program and allows the
user to specify the system of units (meters or feet)
to be used in computing and reporting sediment
yield results (either kglm or Ib/tt). The default unit
system of "Meters" is automatically highlighted
when the setup screen appears. The desired unit
scale is selected by clicking the button next to the
unit description, then clicking the OK button.

Five soil types are available within X-DRAIN and
details to assist the user in selecting an appropriate
soil type are provided in Appendix C.

Buffer Topography

X-DRAIN will retain the most recent units selection
as the default each time the program is started.
The units may be changed from the initial setting
at any time with the menu option located on the
input screen.

The buffer is assumed to be a forested area
between the outlet from a road cross drain or
waterbar and an ephemeral or perennial channel.
The buffer slope steepness and horizontal length
nearest to those of the site conditions being
simulated are selected. Users may wish to look at
several combinations of buffer length and
steepness, and then interpolate between values
to determine a more exact topography.
Extrapolation beyond the largest or smallest values
is discouraged.

X-DRAIN Input Screen

Road Width

On the X-DRAIN input screen (figure A2), the user
selects a climate, soil type, hillside topography, and
road width to estimate sediment yield for different
combinations of road gradients and cross drain
spacings. Selections may be made using a mouse,
or by using the Tab, the Shift-Tab, and the arrow
keys.

You may enter any numeric value for road width
between 1 and 30 meters (between 3 and
100 feet). See table 3 for guidance on entries for
road width; it may be only the traveled-way width
or the sum of the traveled-way and ditch width,
depending upon what is being modeled.

Run Program

Climate

Once the required inputs have been selected by
the user, pressing the Run Program button (or
pressing Alt-r) displays a table of sediment yield
values on the X-DRAIN display screen.

A scroll bar located within the climate list allows
the user to scroll among the various available
climates. The climate description window,b located
directly below the climate list, provides descriptive
information for a climate and is designed to assist
the user in selecting a climate most appropriate to
the location being studied. In some cases, the most
appropriate climate may not be the one
geographically closest to the location being
simulated. Select the most appropriate climate
based on the latitude, longitude, elevation, and
annual precipitation displayed in the Climate
Description window.

•

Exit Program
Clicking the .Exit Program button (or pressing Altx or Alt-F4) on the input screen terminates the
program. The user may also exit the program by
pressing the Esc key on the keyboard or by the
other standard methods of exiting a Windows
program.

b. The climate description data are for display only and can not be altered by the user. The display can be copied to the
Windows clipboard by highlighting the text and pressing Ctrl-c or clicking the right mouse button (Windows 95 only).
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Figure A1-X-DRAIN setup screen with feet selected as the unit system.
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Program Memory

X-DRAIN Display Screen

X-DRAIN retains a given set of input values and
the selected unit system from one program session
to another. Values selected for climate, soil type,
buffer length, buffer slope steepness, and road
width at the time a session is closed are highlighted
when a subsequent session is initiated. c

The X-DRAIN display screen (figure A3) displays
sediment yield information for the climate, soil type,
buffer topography, and road width selected on the
input screen. Input values are presented on the
display screen. Values for buffer length, road width,
sediment yield, and cross-drain spacing are
reported in the specified unit system. The sediment
yields are the average annual amounts predicted
by the WEPP model atter running the model for
30 years for the given soil and topographic
conditions, with a stochastic climate generated by
the CLiGEN weather generator distributed with the
WEPP model (Flanagan and Livingston 1995).

Unit System
Users may change the unit system for computing
and reporting sediment yield by clicking the .units
pull-down menu in the upper left corner of the input
screen. Clicking .units (Alt-u) causes a "pull-down"
menu to appear. The user may then select feet or
Meters (1 or m) as the units system. The system
currently selected by the program is indicated by
a check mark. If the units are changed, the buffer
length and road width values are converted to
reflect the selected system. The elevation and
precipitation values in the Climate Description
window are also converted to the selected unit
system .

Sediment yields are displayed as kglm length or
Ib/tt length of road contributing to a cross drain or
waterbar. Yields are displayed as one or two
significant digits following the rounding protocol
presented in table A1.

•

Figure A3-X-DRAIN display screen with feet selected as unit system .

•

c. Input values are retained between runs only if the program is closed by the program's Exit Program button or its
shortcuts. If the program is closed by clicking buttons in the top right or left corners of the X-DRAIN screen, input values
for the current session are not retained.
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Table A1-Rounding protocol for sediment yields (Y) for
either kg/m length or Iblft length.

Range of results

Significant digits

y< 0.01

y=o

0.01 s Y < 0.95

One significant digit
(O.Ox, or O.x)

0.95s Y

The file is formatted for use as an input file for
statistical or graphics packages for further analysis.
The file can be viewed with any text editor, word
processor, or spreadsheet program.

Print Results
Clicking the .Erint Results (Alt-p) command button
displays a Print dialog box requesting printerrelated information. Users may specify the printer
and the number of copies to print. Clicking the OK
button in this dialog sends the sediment yield
information to the printer. The results are printed
with header information indicating the input values
and units system.

Two significant digits
(x.x or xx)

Examples of interpreting the sediment yield values
provided by X-DRAIN are given in the report body.
Yield values reported as "---!' indicate conditions
where the road gradient is steeper than the buffer
slope, which is unlikely to occur. If the road gradient
is greater than the buffer slope, the user should
consider selecting the steepest buffer slope
available.

•

Copy to Clipboard
Sediment yield information may be copied to the
Windows clipboard via the Edit pull-down menu.
Data to' be copied are selected by clicking a data
cell within the display screen data grid and
dragging the mouse to select all desired data cells.
(Selected cells are indicated by a change in the
background color of the cells.) Data may also be
selected by clicking the column or row headings
within the grid. Clicking an individual column or
row heading selects the entire column or row.
Clicking a heading and dragging the mouse to
include additional headings selects all cells in the
included headings. Clicking in the upper left corner
of the data grid selects all data cells within the grid.
Relevant row and column heading information is
also copied to the clipboard along with the selected
data values.

Command buttons at the bottom of the display
screen provide the user with four program options:
exiting the program without saving yield results,
saving yield results to a disk file, printing yield
results, and returning to the input screen. The
features provided by the display screen button
commands are also available by using the File pulldown menu. Clicking File (Alt-f) activates a pulldown menu that allows the user to select the same
exit program, save results, print results, and retumto-input-screen features as provided with the
buttons.

Save Results
Selecting the Save Results (Alt-s) button
activates a Save As dialog box, which prompts
the user to select a directory or folder and to enter
a filename for the sediment yield information. The
yield values are written to the specified file with
accompanying header information indicating the
input values and units scale selected by the user.

•

Once selected, data are copied to the clipboard
by pressing Ctrl-e or by clicking the ,Copy option
in the .Edit menu (or Alt-e followed by c). From
the clipboard, sediment yield information may be
pasted directly into other Windows applications
such as word processors or spreadsheets for
further processing .
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APPENDIX B
DETAILS OF CLIMATE STATIONS IN THE STUDY

State

Location

Precipitation
(mm)

Latitude
(ON)

Longitude
(OW)

Elevation
(m)

Record
(yr)

AK

Juneau

1336.1

58.37

134.58

3

43

AL

Birmingham

1391.8

33.57

86.75

185

62

AR

Clarksville

1239.1

35.47

93.47

134

39

AZ

Heber

318.4

34.38

110.58

2029

42

CA

Alturas

306.8

41.50

120.53

1359

61

CA

Glenville

494.0

35.72

118.70

954

41

CA

Willits

1282.2

39.42

123.33

411

32

CO

Eagle

282.4

39.63

106.92

1981

44

10

Deadwood Dama

822.7

44.32

115.63

1639

47

10

Wallacea

922.7

47.50

115.88

899

44

KY

Heidelberg

1165.2

37.55

83.77

201

60

LA

Ruston

1391.8

32.52

92.68

85

62

MI

Watersmeet

758.8

46.28

89.17

490

44

MO

Salem

1108.4

37.63

91.55

365

74

MT

Libbya

454.6

48.40

115.53

633

84

MT

Seeleya

544.9

47.22

113.52

1228

44

NC

Cullowhee

1279.6

35.32

83.18

640

44

NH

Lancaster

879.9

44.46

71.57

268

42

NM

Taos

327.1

36.42

105.57

2127

44

NV

Tuscarora

301.8

41.42

116.23

185

33

OH

New Lexington

1009.6

39.73

82.22

271

50

OR

Austin a

517.5

44.58

118.50

1283

44

OR

North Bend

1611.3

43.42

124.25

3

61

OR

Wickiupa

553.9

43.68

121.70

1319

41

PA

Ridgway

1053.7

41.43

78.73

417

66
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State

Location

Precipitation

Latitude

Longitude

Elevation

(mm)

(ON)

(OW)

(m)

497.1

44.40

103.47

1005

43

Record
(yr)

SO

Fort Meade

TX

Lufkin

1141.4

31.47

94.72

88

85

UT

Heber'

418.8

40.50

111.42

1703

64

WA

Colvillea

470.2

48.53

117.87

566

40

WA

Packwood

1351.3

46.62

121.67

323

42

WA

Sappho

1935.1

48.07

124.12

231

44

WV

Lewisburg

934.7

37.80

80.43

685

44

WY

Lake
Yellowstone a

415.5

44.57

110.40

2356

64

a. Predicted sediment yields from these stations may be overestimated due to over prediction of snowmelt rates by
the WEPP model (version 95.7) .

•
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APPENDIX C

-

CATEGORIES OF COMMON FOREST SOILS
IN RELATION TO CROSS-DRAIN SOILS

Cross Drain Soil

Typical Field Soils

Clay loam

Native-surface roads on shales and similar
decomposing sedimentary rock

MHCH

Silt loam

Ash cap native-surface road; alluvial
loess native surface road

MLCL

Sandy loam

Glacial outwash areas; finer-grained granitics

SWSPSMSC

Gravelly loam

Loam surfaces that have been graveled

GC

Gravelly sand

Coarse grained granitics, and fine-grained
granitics that have been graveled

GM

I-

-

Unified Soil Classification
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SOIL PROPERTIES IN THE STUDY
Soil
Element

Clay

Silt

Sand

Gravelly Loam

Gravelly Sand

Gravel %

20

5

5

60

80

Sand %

30

30

60

40

70

Silt %

40

55

35

40

25

Clay %

30

15

5

20

5

Conductivity mm/hr

0.3

0.3

1

2

3

Interrill erodibility

1,000,000 3,000,000

2,000,000

1,000,000

2,000,000

Rill erodibility

0.0002

0.0006

0.0004

0.0003

0.0003

Critical shear

1.5

1.8

2

1.8

2

Organic matter %

0.01

0.01

0.01

0.01

0.01

Gravel %

20

5

5

40

40

Sand %

30

30

60

35

65

Silt %

40

55

35

40

30

Clay %

30

15

5

25

5

Conductivity mm/hr

5

8

10

25

40

Interrill erodibility

1,000,000 3,000,000

2,000,000

1,000,000

2,000,000

Rill erodibility

0.0002

0.0006

0.0004

0.00025

0.00035

Critical shear

1.5

1.8

2

1.6

2

Organic matter %

2

2

2

2

2

Gravel %

20

5

5

20

5

Sand %

30

30

60

30

60

Silt %

40

55

35

40

35

Clay %

30

15

5

30

5

Conductivity mmlhr

10

15

20

50

80

Interrill erodibility

1,000,000 3,000,000

2,000,000

1,000,000

2,000,000

Rill erodibility"

0.0002

0.0006

0.0004

0.0002

0.0004

Critical shear

1.5

1.8

2

1.5

2

Organic matter %

4

4

4

4

4

Traveled Way

Fill Slope

•

Forest Buffer

•

a. Recent studies indicate that this value may have been underestimated in the study.
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USEFUL CONVERSIONS
to get

Multiply

by

mm (millimeters)

0.0394

in. (inches)

m (meters)

39.4

in. (inches)

m (meters)

3.28

tt (feet)

m2 (square meters)

10.8

ft2 (square feet

kg (kilograms)

2.2

Ib (pounds mass)

t (metric tonnes)

1,000

kg (kilograms)

t (metric tonnes)

1.1

short tons

short tons

2,000

Ib (pounds)
tlkm

kglm
kglm

0.67

Iblft

(bitt

2.64

short tonslmile

•

•
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Register as a user of X-DRAIN by filling out this form and mailing it to the address on the following page.
This page can be removed, folded in thirds, and sent through the mail using the address block on the
reverse side.
Or, register on-line at http://forest.moscowfsl.wsu.edu/4702lx-drain.html. Also check the web page for notices
of known issues and upgrades).
Or, e-mail registration information to <wepp@forest.moscowfsl.wsu.edu>.
We will use your registration information only for the purposes of letting you know of new versions and
known issues with X-DRAIN and for helping us to judge the amount of interest in X-DRAIN.
Name:
E-mail address:

_

Postal address:

_

•

•
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To:
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William Elliot, Project Leader
USDA Forest Service
Rocky Mountain Research Station
1221 S. Main Street
Moscow, ID 83843

Ref: X-DRAIN Registration
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Information contained in this document has been developed for the guidance
of employees of the Forest SeNice. USDA, its contractors, and cooperating
Federal and State agencies. The Department of Agriculture assumes no
responsibility for the interpretation or use of this information by other than its
own employees. The use of trade, firm. or corporation names is for the information
and convenience of the reader. Such use does not constitute an official
evaluation. conclusion, recommendation, endorsement, or approval of any
product or seNice to the exclusion oi others that may be suitable.
The United States Department of Agriculture (USDA) prohibits discrimination
in its programs on the basis of race, color, national origin, sex, religion. age,
disability, political beliefs. and marital or familial status. (Not all prohibited bases
apply to all programs.) Persons with disabilities who require alternative means
for communication of program information (braille. large print, audiotape. etc.)
should contact USDA's TARGET Center at 202-720-2600 (voice and TDD)
To file a complaint. write the Secretary of Agriculture, U.S. Department of
Agriculture. Washington, DC 20250, or call 1-800-245-630 (voice) or 202-7201127 (TDD). USDA is an equal opportunity employer.
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INTRODUCTION

BACKGROUND

Cross drain ter:hniques such as open-top cross
drains and surface water diverters Llsing
conventional materials have been in use for years.
New cross drain techniques are emerging due to
the availability of new materials and field
innovations. The objective of this report is to
disseminate information on new materials and
techniques. Many of the techniques or materials
may not be necessarily new. however. the
application of the materials or techniques is
innovative. Some of the materials presented in this
report are subject to local availability. Some of the
techniques presented in this report are being
developed and have not been applied in the field.

Two methods were used to gather information for
this report: a market search, including publications
in print and on irK? Internet; and a survey to Forest
Service persOllnel Since the method or technique
for using cross drains are specific to local
geography and conditions, information about the
local conditior-;s were included. Both search
methods yielded techniques. Some of the
techniques presented in this report are not new,
however, the techniques were included to
disseminate the information and perhaps stimulate
new applications of these methods.

REPORT OVERVIEW
A synopsis of the information contained in the
report is provided in Table 1. Further discussion is
included in the following pages. When available,
cost information is provided. This information
should only be used as a reference. Prices and
rates vary from location to location. Definitions of
terms used in this document are included in
appendix A; a cost summary for open-top pipe
culverts is included in Appendix B.

OPEN-TOP PIPE CULVERT
Information for this section was taken from Using
Open- Top Pipe Culverts to Control Surface Water
on Steep Road Grades by James N. Kochenderfer,
Northeastern Forest Experiment Station, General
Technical Report NE-194, with the author's
permission. These open-top pipe culverts have
been installed and used successfully on "minimum
standard" forest truck roads around the Fernow
Experimental Forest near Parsons, West Virginia.
Open-top pipe culverts are effective in controlling
surface water on portions of minimum-standard
roads where road grades exceed 10 percent. The
open-top pipe culvert is not recommended as the

Table 1-Summary of cross drain techniques.
Techniques

j)

Description

Material

Page

Open-top pipe
culvert

Steel pipe with sections removed to
collect and channel surface damage

Hea'/y walled (5/16 inch/
8mm) steel pipe

Portable road
spillway

Steel grid on top of concrete
abuttment

Steel concrete

4

Metal water bar

Using a "W" beam guardrail as a
water bar

Standard "W" beam guardrail

6

Rubber water
diverter

Flexible surface drainage structure

Conveyor belt or rubber
skirting

7

Pre-cast concrete
trough

Open top drain using concrete

Pre-cast concrete

8

Alternative
materials

Alternative materials to CMP

Polyethylene used steel pipe

8

Driveable and
durable "hump"

Series of water diverters of varying
heights

Rubber. plastic. concrete,
wood, etc.

10
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primary means of water control but as a
supplemental device that can be used on steep
road sections where broad base dips are not
recommended. Open-top pipe culverts offer land
mangers an alternative to crowning and ditching
roadbeds for water control. Unlike culverts
constructed from wood, the open-top pipe culvert
is a relatively permanent water control device;
however, these culverts may be relocated and
used on other roads as the need arises. The cost
of an open-top pipe culvert is comparable to that
of a gravel broad-based dip.

Installation of the culvert maybe done manually or
with the use of a small dozer. The culvert is installed
with the top of the pipe 3 inches (75 mm) below
the surface. The roadbed is then beveled back
about 18 inches (450 mm) on each side of the
culvert. The skew and depth is better controlled
when installed manually. However, a 1O-inch (250
mm) diameter pipe weighs about 31 pounds per
foot (46 kg/m) and an 8-inch (200 mm) diameter
pipe weighs about 25 pounds per foot (37 kg/m);
therefore a typical culvert section would weigh
between 500 and 600 pounds (227 kg and 272
kg). Two people can move and position the culvert
by sliding or rolling. Lifting the culvert requires a
small dozer. Once installed, the outfall may be
armored with rocks and a half-round plastic pipe.

Material
•
Steel pipe: 8-inch (200 mm) or 10-inch
(250 mm) diameter heavy walled, 5/16 inch (8 mm)
wall thickness.

Construction

•

Using a chalk line, mark two parallel lines
three inches (75 mm) apart along the
length of the steel pipe. The lines create
longitudinal borders for the inlet slots. Mark
slot locations within the two parallel lines.
A welding marker works well for marking
the slots. Twenty-four-inch long by 3-inchwide slots (600 mm by 75 mm) work well
with an 8-inch (200 mm) diameter pipe,
see figure 1. Larger slots may be used in
larger diameter pipes. Experience has
shown that slots this size do not damage
tires and are wide enough to allow the pipe
to be cleaned. A spacing of at least 6
inches (150 mm) between slots will prevent
the pipe from collapsing under a heavy
wheel load. At least 18 inches (450 mm)
of solid pipe must be left at both ends. The
solid ends provide structural rigidity.

Installation

•

The open-top pipe culverts have been
installed with a downslope skew ranging
from 45 to 65 degrees with an average of
54 degrees skew and average road grade
of 12 percent. It is important to minimize
skew to improve its self-cleaning capability
Skew in this document is measured from
the road centerline, see figure 2.
Figure l-Using a cutting torch to cut slots in 2. he<lvy w<llled pipe.
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preferred because it is generally less expensive,
requires a shallower trench, and is easier to
maneuver by hand than the larger pipe.
,":

..
/

While t11ese culvens will function well on steeper
grades, it is still desirable to keep road grades low
to facilitate water control and provide an acceptable
degree of utility. These culverts also can be used
where rocky sUbgrades might prohibit construction
of broad-based dips and on road sections between
landings and highways to prevent water from
running on to highways.
Figure 2-Layout and dimensions of an open-top pipe culvert.

A tool for cleaning open-top pipe culverts is shown
in figure 3.

Discussion
These open-top pipe culverts are being used in
central Appalachia. The average culvert length is
20 feet (6 m). The 20-foot (6 m) length allows for
enough skew on a 15-foot (4.6 m) wide road. Both
8-inch (200 mm) and 10-inch (250 mm) diameter
pipe were used. The 8-inch (200 mm) was

It is important to use proper spacing so that water
can be handled in small amounts. For design, use
local cross drain spacing formulas for open-topdrains.

.~

~

••

Figure 3-A tool for cleaning open-top pipe culverts is made by bending as-foot (1.5 m) piece of 3/4-inch (19 mm) pipe two ways
and welding to it a 4- by 5-incll (100 by 127 mm) shaped piece of metal cut from a pipe.
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PORTABLE ROAD SPILLWAY

top of precast L-shaped abutments. It is
constructed in three separate sections: two
concrete abutments, and one steel top grid. The
concrete abutments are made of 3000 psi (20
MPa) redi-mix concrete reinforced by #5 grade 40
rebar. When fully assembled, each abutment
weighs 10,000 pounds (4536 kg). The 2500 pound
(1134 kg) steel top grid is constructed of structural
grade steel. See figure 6.

The Portable Road Spillway is a prefabricated
cross drain that is portable and re-usable. It works
on the principle of diverting silt and debris
encountered in typical surface runoff into a series
of pre-established settling ponds. Two
photographs of Portable Road Spillways are
shown in figures 4a and 4b; an illustration of a
typical application is shown in figure 5. The settling
ponds are constructed on the low side of the road

•

Figure 4a and 4b-Two views of the Portable Road Spillway.

spillway and are made out of native material found
at the site. The settling ponds slow the movement
of water from the natural drainage system along
with water collected from roadway runoff. Sediment
and debris are settled out within the settling ponds
before water is discharged to the local water
course. Heavy equipment traffic typically
associated with logging and mining roads is easily
handled by the Portable Road Spillway.

Culvert

Material
Structural steel tubing, either 20 foot (6 m) or
24 foot (7.2 m)
#5 Grade 40 rebar
• ' ...:Type"10 Portland Cement redi-mix precast

Construction

I.

River

The Portable Road Spillway is distributed by
RayMac Environmental Services. The spillway
consists of a structural steel tubing grid setting on

Figure 5-Typical application of the Portable Road Spillway.
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Installation

Maintenance

The entire Portable Road Spillway can be
transported to the site in a standard dump truck.
An excavator is used to dig a trench across the
road to accommodate the spillway and place the
abutments. Once the proper separation of
abutments has been established, the excavator
places the steel grid on top of the abutments and
backfills the trench. See figure 7.

The steel grid may be removed to clear the trench
of obstruction and sludge. Depending on the
amount of debris or sediment, a small excavator
may be necessary to clean out the trench.

i
J

Figure 6--Portable Road Spillway assembly.

Road
Surface - \

Road
Backfill

Compacted
Rock Fill - - - +

Figure 7-Sectional view of the Portable Road Spillway.
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METAL WATER BAR

When using 12.5 foot (3.8 m) lengths, the two
pieces should be butt-welded or overlapped with
the downgrade section underneath the upgrade
section. All holes on the guardrail must be
permanently plugged. All non-galvanized, nontreated areas must be painted with primer.

The metal water bar is an innovative example of
using a standard "W" beam guardrail. It combines
two common cross drain techniques, the water bar
and an open top drain

Material

Installation

Standard 'OW" beam guardrail, nominal
thickness of 0.135 inches (3.4 mm)

Install the metal water bar with a maximum 60
degree downslope skew. The installation can either
be done manually or with the help of a dozer for
the heavy lifting. Measure the maximum height of
the metal bar assembly once constructed. This
will determine the depth of the trench to be dug.
The depth of the trench should be about 3-inches
(75 mm) deeper than the maximum height of the
assembly. A trench wider than the width of the
water bar assembly is necessary to not only more
accurately position the water bar but also to allow
for a margin of error. The water bar is installed
with the top of the 'W' beam about 3-inches
(75 mm) below the road surface. Once installed,
the road could be beveled back about 18 inches
(450 mm).

Mild steel flat bar 1/4-inch (6.4 mm) thick by
4 inches (100 mm) wide.

Construction

•

Construct anchors as shown in figure 8 using the
1/4-inch (6.4 mm) steel bars. Weld the completed
anchors to the 'OW" beam guardrail evenly spaced
as shown in figure 8. Guardrail length comes
standard in 12.5 foot (3.8 m) or 25 foot (7.5 m)
length. Cut-off excess length to achieve
appropriate length, remembering the additional
needed for the skew angle. The smaller the skew
angle the longer the length has to be over the
length of the road. The length will be determined
by the following formula:
Length

.A
'9

= road width / sine (skew angle)

A rock outfall may be constructed at the end of the
water bar using 3-inch to 12-inch (75 mm to
300 mm) diameter rocks. The outfall should be
approximately 2-foot (0.6 m) wide and at least 6inches (150 mm) deep.

+ installation tolerance

18 in. (457 mm)

I

I
/

"
/

.L

•

"

3 in.

,,

(~6 mm)

-===::::c::==--'-----=~-------.--------1/"
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Figure 8-Metal waler bar construction details.
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RUBBER WATER DIVERTERS

An alternate method of construction uses conveyor
belt.

Rubber skirting or used conveyor belts are used
to make water diverters. The water diverters direct
water off the surface of the road. Like the other
cross drains the skew angle is critical to the
function of the water diverter. Rubber diverters
require minimal maintenance, however the
diverters may be damaged by grading operations.
Using an object marker to identify location reduces
the likelihood of damage from a motor grader.

Material
Conveyor belt: 7/6-inch by 12-inch wide by 20foot long (11 mm by 300 mm by 6 m).
Timber: 2-foot by 6-foot by 20-foot (0.6 m by
1.8 m by 6 m) rough sawn No. ?,or beJJer,
pressure treated for a design life Of 20 years.

Construction

Material

•

Rubber skirting: 5 ply, 1/2-inch thick by 12inches wide by 20-foot long (13 mm by
300 mm by 6 m).

The bottom of the conveyor belt is "sandwiched"
between the boards.

Timber: 4-inch by 8-inch by 20-foot (100 mm
by 200 mm by 6 m) rough sawn NO.2 or better,
pressure treated for a design life of 20 years.

Installation
Install the rubber diverter with a maximum
60 degree downslope skew. A trench is dug
approximately 36 inches (900 mm) wide. The
diverter is installed so that approximately 3 to 4
inches (75 mm to 100 mm) is above the road
surface. The density of the backfill must equal or
exceed the density of the surrounding material.
The backfill material must be either the same as
the road, or crushed aggregate. Figure 10 provides
installation details.

Lag screws: 11, 3IB-inch by 2 foot (9.5 mm by
0.6 m) with 3/8-inch (9.5 mm) washers.
Object marker: 1, type 2.A., 6-foot (1.8 m) long.

Construction
Secure the rubber skirting on the 4-inch (100 mm)
face of the pressure treated timber using the lag
screws and washers. Figure 9 illustrates the
construction of the diverter.

Road

SUrlace:=\

Rubber
Skirting
1/2"

~

1

3"

I
5"

I
I

4"

I

-- 8" - 1-·..----18"----.. ·1 .....- - - - 1 8 " - - - - - . 1
/
Figure 9-Rubber water diverter detail.
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Outslope Road Surface
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Figure 10-lnstallation detail of rubber water diverter.
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PRE-CAST CONCRETE TROUGH

Installation

This cross drain device could be classified under
open-top drains. Similar to the devices in the opentop category, this concrete trough allows surface
water to accumulate through the open top. See
figure 11.

The soil around both sides of the cross drain must
be compacted. The concrete trough must be
installed with a maximum 60 degree skew and at
least a 4 percent fall.

ALTERNATIVE CULVERT MATERIALS TO
CORRUGATED METAL PIPE

Material
Concrete: 10 cubic feet (0.3 cubic meters) for
a 7-inch by 14-inch by 14-foot (176 mm by
350 mm by 4 m) trough.

Polyethylene Pipe
Polyethylene pipe has approximately twice the
service life of corrugated metal pipe and is lighter
and easier to install. The anticipated service life of

#4 Grade 40 rebar

f-100 mm+-150 mm------j

T

100mm

t

67mm

l'---_~_

____=__--.J

1-----350 mml-----

I

d
-;:::~

4.~3~m_=========~

~

d~

1001

•

..l

No scale

Figure 11-Construction and installation details of pre-cast concrete trough.
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smooth inner and outer walls and a "honeycomb"
wall section for structural strength and ring
stiffness. The HOPE pipe withstands vertical
pressure by transferring the load to the surrounding
soil. N-12 and N-12 HC will support HS-20 live
loads under 12 inches (300 mm) of cover. This is
equivalent to values specified for corrugated metal
and concrete pipe. HS-20 loading designation is.·.
specified by American Association of-Sibte
Highway and Transportation Officials. The HS-20
live loading is comparable to a 3-axle truck with
an 8,000 pound (3630 kg) load on the front axle
and 32,000 pound (14,500 kg) load on the two rear
axles. Maximum cover will vary with conditions,
but can usually extend from 30 feet to 50 feet (9 m
to 15 m). Table 2 provides a weight comparison of
HOPE, clay or concrete, and corrugated metal
pipe. Figure 12 graphically represents corrosion
resistance (recommended pH range).

high density polyethylene (HOPE) is approximately
75 years. Corrugated steel has an anticipated
service life of 40 years. HOPE is strong enough to
endure soil pressures at depth up to 100 feet, and
is tough enough to handle abrasive runoff.
Two polyethylene products were evaluated for this
project: Advance Drainage Systems (ADS) N-12
and ADS N-12 HC. ADS N-12 is a HOPE drainage
pipe available in diameters ranging from 4 inches
to 36 inches (100 mm to 900 mm). The pipe is a
combination of an angular corrugated exterior for
strength and smooth inner wall for maximum flow
capacity. ADS N-12 HC comes in 10-inch
(250 mm). 12-inch (300 mm), 15-inch (380 mm),
18-inch (380 mm), 24-inch (600 mm). 30-inch
(760 mm), 36-inch (900 mm), 42-inch (1 m) and
48-inch (1.2 m) diameters. The N-12 HC has

Table 2-Weight comparison of three pipe types by inside diameter.

[I.
Ii

Inside Diameter
inches (mm)

ADS N-12 I N-12 HC
HOPE Pipe
Ib/tt (kg/m)

Clay or Concrete
Ibltt (kg/m)

Corrugated Metal
Ibltt (kg/m)

15 (380)

4.6 (7)

103(153)

12.9 (19)

18(450)

8.4 (12.5)

131 (195)

15.8 (23.5)

24 (600)

11 .5 (17)

217 (323)

19.4 (29)

30 (760)

15.4 (23)

384 (571.5)

30.0 (45)

36 (900)

18.1 (27)

524 (780)

36.0 (54)

42 (1000)

26.5 (38)

650 (967)

57.0 (85)

48 (1200)

32.0 (48)

780 (1161)

65.0 (97)

Figure 12-Corrosion resistance (recommended pH range).
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Used Gas Pipe

profile.
Several stages would allow for
sedimentation while still preserving diversion
capability and extending periods between required
maintenance. Hump length and height should be
tailored to road grade, climate, expected flows, soil
type, and design vehicle. Possible materials for
experimentation include rubber, rubber strapping,
plastic, concrete and wood. Figure 13.J~royicfe's'·
an illustration of the concept.

Used gas pipe has been utilized in the Allegheny
National Forest of Region 9 where the pipe is
available locally. The wall on the steel pipe is four
times greater than that of conventional corrugated
metal pipe (CMP). Thicker walls allow the pipe to
be installed in areas where the minimum coverage
of 12 inches (300 mm) for CMP or HOPE pipe is
difficult to achieve. Although the procurement and
installation costs are higher than for new CMP the
anticipated service life is longer.

CONCLUSION
The application of cross drain techniques will have
varying results due to local geographical
conditions. The techniques are presented to
provide information on products which have been
successful in other areas and also to stimulate
innovative applications.

Driveable and Durable "Hump"
This cross drain technique is a concept. It is
included in this report to generate interest and
possible implementation. Like the rubber water
diverter, the hump diverts surface flow off the road
while requiring minimal modification to the orad
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Figure 13-A driveable and durable ·'hump".
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Appendix A
Definitions
Armoring - protective covering, such as rock,
vegetation, or engineered materials used to
protect stream banks, fill or cut slopes, or
drainage structure outflows from flowing water
energy and erosion.

Road - a general term denoting a way for
purpose of travel by vehicles greater than 50
inches (1.3 m) in width.

Cross Drain - a ditch relief culvert or other
structure or shaping of the traveled way
designed to capture and remove surface water
from the traveled way or other road surfaces.

Roadbed - the graded portion of a road between
the intersection of subgrade and side slopes
excluding that portion of the ditch below
subgrade.

Crown - traveled way surface shaping with the
high point in the middle causing surface runoff to
flow both towards the uphill shoulder or ditch
and the downhill shoulder.

Sediment - deposition of materials eroded and
transported from locations higher in the
watershed.

Pipe - a culvert that is circular in cross section.

Service Life - the length of time a facility is
expected to provide a specified service.

Culvert - a conduit or passageway under a road
or other obstruction for the passage of water,
debris, sediment, and fish, backfilled with
embankment material.

•

Skew - the angle of deviation from a reference
line. In this document, the reference line is the
road centerline.

Manning's Roughness Coefficient dimensionless number indicating surface
rOljghness. A lower number indicates a
smoother surface.

Subgrade - the layers of roadbed that bring up to
the top surface, upon which subbase, base, or
surface course is constructed. For roads without
base course or surface course, that portion of
roadbed prepared as the finished wearing
surface.

Outfall - the outlet end of a culvert.
Outslope - traveled way surface shaping with the
high point on the uphill shoulder causing surface
runoff to flow towards and over the downhill
shoulder.

Surface Drainage - the concentration and flow of
surface water on roads and related surfaces and
in ditches.

•
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Cost Summary for the Open-Top Pipe Culvert
Item

Unit Cost

Quantity

(S)

~-..:.

Culvert Preparation
Pipe

Total Cost
(S)
....,

5.00/ft

20.0 ft

100.00

Labor

10.00/hr

1.0 hr

10.00

Gas

0.20/ft3

55.0 fP

11.00

Sub-total

121.00

Installation (manual)
Labor

8.00/hr

1_0 hr

64.00

Gravel

12.00/ton

1_0 hr

3.00

Crew vehicle

0.50/mile

10.0 mile

5.00

Sub-total

72.00

30.00/hr

1.0 hr

30.00

Installation (bulldozer)

•

Dozer and operator
Labor

8.00/hr

1.0 hr

8.00

Gravel

12.00/ton

0.25 ton

3.00

Crew vehicle

0.50/mile

10.0 mile

5.00

Sub-total

46.00

8_00/hr

3.0 hr

24.00

0.50/mile

6.0 mile

3.00

Sub-total

27.00

2. 501ft

10_0 ft

25.00

8.00/ft

1.0 hr

8.00

0.50/mile

6.0 mile

3.00

Sub-total

36.00

Total

302.00

Culvert outlet protection
Riprap
Labor
Crew vehicle

Half-round plastic
Labor
Crew vehicle

•
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TABLE OF GRADe:: DIP DIMENSIONS
FOR W = 12' AND SKEW = 90'
x

CRADE

01' ROAD

L(NClH

C
:i .. UNDER
6
7

«

e

49
54
59

9

~

10

69
74
79

"

'2

H

44
49
54
59
64
69
74

79

DEPlH

I

I

J

0.80
0.80
0.90
0.90

0.40
0.40
0.45
0-45

1.00
1.00
1.10
1.10

o.~
O.~

0-55
0.~5

